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foreword 

DEPARTMENT OF ZOOtOGY # PRESIDENCY COtLEGE • CALCUTTA 12 


Srvatosh Moak&ye 


PROFESSOR & HEAD OF THE DEPARTMENT 
DIRECTOR: NCERT BIOLOGY STUDY GROUP 


The writing of a viable text-book is not as easy as it appears to be. 
Without being endowed with a natural sense of communication, clarity 
of exposition and certain degree of originality in organizing the material, 
the attempt to write a text would be a costly misadventure. The prospec- 
tive writer must consciously control the osmotic gradient of fresh know- 
ledge flowing into the pool of the existing one. The process of science is 
revealed in its unceasing progress ; this means that the horizon of know- 
ledge is continuously receding. The greatest obligation of a text-book 
writer is to remain alive to this fact and to minimize the gap by constant 
vigilance. Texts, written once cannot be perpetuated indefinitely. 
Texts are not intended to enslave the mind but to prepare it for more 
knowledgeable things hidden beyond the present contemplated boun- 
daries. Its purpose is to arouse a sense of aptness for the subject concerned 
~\nd '.o embolden curiosity for its material contents, in order to lead the 
way to the further progress. The purpose of a book lies in the mental 
preparedness for creating a new sense of dedication for the unknown. 

To attempt now to write a text in Zoology for the Degree Course 
would be a matter of great adventure because modern Zoology has under- 
gone a radical eedysis and has emerged out into a new conceptual entity, 
both in contents and implications. Zoology is no longer a mere 
plethora of disjointed morphological descriptions. It is now a field of 
coherently integrated and biochemically analysable entity. Biological 
diversities have become resolved into a common theme of endless activity 
of the wonder molecule of DNA. Throughout the new vista of Zoology, 
causal interpretations of functional dynamism, adaptiveness in time, 
exploration of new ecological niches, biometry of forms have firmly been 
established. 

• The writers of the present volumes were my close collaborators in 
research. The image of modern biology is clearly inscribed in their 
minds. It is heartening to see that they have been able to assemble the 
main ingredients of the science of Zoology in a most coherent way and 
organised their material into a principle oriented discourse. Our syllabi, 
in most of the Universities, even to-day suffer from serious limitations. 
Often the contemporary outlook T Biology is not fully reflected in our 
curricula. However, within the available framework of the present-day 
curricula, the authors have done their best to convey the message of 
modern Zoology. I have no doubt that the present volumes will gene- 
rate impact on the modernization of the subject which we have cherished 
so much and for so long. 






PREFACE TO THE FIRST EDITION 


We have decided to write a book on ^oology which would reflect the contempo- 
rary outlook of the subject and at the same time , would cover the syllabi of most 
Indian Universities . Our prime objective would be to see that the book helps the 
student to learn the subject . We expect the student to be a true literate in %oology. 
They should be in a position to use their knowledge and training in their daily life 
and vocation . It is hoped that instead of mere cramming of the ‘ product 5 parts of 
the subject , the students will learn the ‘ process' involved in it. Such training would 
develop in their mind a sense of love and appreciation about the subject . 

The abovemen tioned paragraph was written before the writing of 
the manuscript. It speaks about our desired objectives. In order to 
attain it we have selected the most important theme of today’s biology — 
unity and diversity in living organisms . As it is a book on Zoology, we have 
restricted ourselves only to the animals. The book begins with the idea 
of ‘unity’, the understanding of which can only help the reader to realise 
the guiding principles involved in the production and maintenance of 
the enormous array of ‘diversity’. In the first volume, unity in the living 
world and non-chorda to animals as the examples of diversity are included. 
The second volume has been devoted to the examples of chordates and 
different other biological principles. 

To satisfy the requirements of the Universities, the part dealing 
with the examples of diversities has become unusually longer. It is 
hoped that the readers of this book would find that the underlying prin- 
ciples of Zoology arc more vital than the descriptive legends of animals. 
While presenting the facts wc have taken this into consideration that 
figures become integral part of the text. Two types of illustrations have 
been used — some arc of more artistic value while the others are line 
drawings for the easy understanding of the students. As far as practi- 
cable, .Indian examples have been described and the work of Indian 
scientists incorporated. 

We have no hesitation to admit that in spite of our best effort, we 
have not been able to reach our desired objectives. Repeatedly wc 
found that it is impossible to reflect the ‘contemporary outlook of the 
subject 5 in the frame work set for “the requirements of syllabi of our 
universities”. 

It is rather an unfortunate truth that even after the criticism of 
Kothari Commission, most Universities of our country have failed to 
implement a syllabus which would reflect the contemporary outlook of 
knowledge. We sincerely appeal to the teachers to come forward to 
convince their Universities to make the curriculum of, Zoology not only 
modern but also more useful and meaningful. An ideal curriculum 
includes both the syllabus and the methods of its implementation. Both 
are interdependent and to make the curriculum successful it is necessary 
to consider both very carefully. It is needless to emphasize that the c 

xi 



XII BIOLOGY OF ANlNtAtS 

present method of teaching requires a change. A student of Zoology 
must learn the subject as a scientist. It is necessary to see that teaching 
of Zoology creates in the mind of the student a sense of enthusiasm and 
inquisitiveness. How can this goal be achieved? Which one will be 
best effective — enquiry approach or classical lecture-type method or both. 
The final answer can come only from the teachers who are involved in it. 
The authors of this book only want to assure that if something in this 
direction is done they will be glad to recast the entire content. 

We are fortunate that in the preparation of this book we enjoyed 
the help and counsel of a large number of very competent persons. The 
acknowledgement of their names does not necessarily mean that they 
have approved everything in our final manuscript. We are grateful to 
them for their keen interest, untiring labour and critical but friendly co- 
operation, which have definitely put this book into a presentable shape. 

We are specially thankful to Professor Sivatosh Mookerjee, F.N.I., 
Head of the Department of Zoology, Presidency College, Calcutta, for 
the genuine interest that he has kindly shown towards this book. 
Professor Mookerjee, who among a few others, was primarily responsible 
for bringing in the era of modern biology in the country, helped us 
many a times with his creative ingenuity during the various phases of 
gestation of the book. He was too kind to extend all the facilities of his 
laboratory to us. With deep respect we acknowledge the apt and excellent 
foreword that he has written for this book. 

We shall be glad to acknowledge all comments, suggestions and 
corrections from the learned teachers and enthusiastic students. As 
this is the only way to improve the book further, we will give due honour 
to them. 

Last, but not the least, we appreciate the courage of Sri J. N. Sen of 
New Central Book Agency for entrusting upon a comparatively younger 
group of people to write the book on Zoology in their series of Biological 
Sciences. We are happy in being able to fulfil the responsibility assigned 
to us and that too, in much ahead of the stipulated time. 


Banku B. Ganguly 
Reader, NCERT — 
Biology Study Group, 
Department of Zoology, 
Presidency College, 
Calcutta. 


Arup K. Sinha 
Assistant Professor, 
Department of Zoology, 
Presidency College, 
Calcutta. 


Sjmananda IAdhikart 
Assistant Professor, 
Department df Zoology, 
Government College, 
Darjeeling. 



Preface to the second edition 


In the first edition of this book we wrote that our goal is to write a 
viable text-book on Zoology that would reflect the contemporary out- 
look of the subject and would cover the syllabi of most Indian Universities. 
That the objective has been fulfilled is amply clear from the favourable 
reception of the book by both teachers and students. With much pleasure 
we are presenting a Second Edition of the book. 

Our colleagues in the line have inspired us by sending valuable 
suggestions and criticism for the betterment of the book. Those sugges- 
tions have been incorporated in the text as far as practicable. Even a 
casual look into the book will reveal that a major part of the contents of 
the first edition has been thoroughly recasted to bring it in tune with the 
present day information. 

We feel that there is further scope of improvement of the book and as 
such we would appreciate receiving suggestions, comments and criticism 
from our learned colleagues all over the country. 


Banku Brhari Ganguly 
Reader , Deptt. of Science 
Education , NCER 7 , 

New Delhi- 16. 


Arup Kumar Sinha 
Asstt . Prof of Z oology , 
Presidency College , 
Calcutta . 


Simananda Adhikari 
Asstt. Prof, of Zoology? 
Maulatia Azad College , 
Calcutta. 
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PREFACE TO THE THIRD EDITION 


With much pleasure we are presenting the third edition of Biology 
of Animals Vol. I. The book has received cordial acceptance both from 
the teachers and students of this subcontinent. Our chief aim was and 
it stands even today to write a ‘viable’ text book on Zoology. To make 
the book viable we have tried to marshall the present-day information 
as far as practicable so as to incorporate them. 1 his, indeed, a 
tremendous task but failure on our part to do so will tentamount to 
stepping out of our earlier promise. 

We are looking forward to receive help in the form of constructive 
criticism both from teachers and students. 


Banku Behari Ganguly 
Prof. Deptt. of Science 
Education , NCERT , 

New Delhi- 16. 


Arup Kumar Sinha 
Asstt. Prof of ^oology. 
Presidency College , 
Calcutta- 12. 


Simananda Adiiikari 
Head , Deptt . of Biology , 
Maulana Azad College , 
Calcutta- 13. 
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VOLUME I 




Life is a peculiar state of existence, so much different from non-life. Only the 
plants and animals can experience such a state, leaving aside still smaller forms 
known as viruses. There are bewildering forms of plants and animals probably 
with all imaginable differences in size and shape. This system of biological 
diversity' can conveniently be harnessed into another pattern of unity — a unity in 
the ultimate similar chemical make-up of all forms constituted by protoplasm. 
Protoplasm is a peculiar amalgam of different chemical recipes, fortified by a 
system of self-maintaining equilibrium. 

Unity and diversity are the two facets of the bundle of life. Understanding 
of the mechanism involved in the form and function of life constitutes the 
subject matter of modern life science. Modern biology thus begs the assistance 
of such disciplines like physics, chemistry, mathematics, to give their hands for 
the ultimate solution of the life process. 

Zoology', the subject matter of this book, is that branch of biology, which 
deals with the science of animal life. 


[vol. i, 76 1 




PART ONE 


LIFE WITHIN ANIMAL 


Biology is the science of life. What is life ? What are the constituents of 
living body ? How these constituents work ? Answers to these questions will 
be sought in this part of the book. 


1 [vol. i 76] 




CHAPTER 1 

Properties of Life 


It is difficult to define life, but almost everyone knows where life is. Life is 
expressed in certain activities which are regarded as the properties of life. What are 
these properties which make the living beings unique ? 


No one feels any difficulty in distinguish- 
ing living forms from non-livings. Nume- 
rous animals, from amoeba to man and 
innumerable plants, from alga to banyan 



Fig. 1.1. Both living arid non-living exist together 
on the earth. How can we identify a fish, a horse, 
a bird and a tree as living ? 


tree, all are living, while rivers, rocks and 
clouds are non-living (Fig. 1.1). What 
are the characteristics of living body? It 
may be said briefly that the characteristics 
arc — (i) complex organisation, (n) maintenance 
of steady state , (hi) growth, (iv) reproduction, 
(v) adaptation and (vi) evolution. 

I. COMPLEX ORGANISATION. Man 
has built up many complicated machines 
which work with great precision. But 
the working of his own body machine has 
exceeded all of them in complexity and 
precision (Fig. 1.2). W T ith the aid of his 



Fig. 1.2. Living body has more complicated 
organisation than any man made machine. 


tools, man has learnt about the organisa- 
tion of living body. It is known that 
all living bodies are made up of units 
called CELLS. Some possess only one cell 
while others have many. In the multi- 
cellular forms, the cells with similar forms 
and functions are grouped as TISSUES. 
The tissues make up an ORGAN and seve- 
ral organs participate to form a SYSTEM 
which performs some vital function. Com- 
bination of few systems constitutes a 
multicellular organism. Up to the begin- 
ning of this century man was busy in 
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unravelling the different systems in the 
different animals. But with the advent of 
different techniques in this century, man 
is continuing his probe to understand the 
organisation at subcellular level. Consi- 
derable amount of facts is known about 
the atoms and molecules present there and 
the mode of their action, their properties 
at the functional level. 

II. MAINTENANCE OF STEADY STATE. 
All activities like the running of an 
automobile, burning of a candle, jumping 
of a frog or the flying of a bird involves 
expense of energy. Non-living bodies like 
a battery, after certain period of work 
lose all its energy. It has no way to 
maintain its steady state. A living body, 
too, loses energy during work, but is able 
to carry on complicated chemical activi- 
ties to maintain a steady state. It must be 
remembered that this equilibrium is a 
dynamic steady state and not a static one. 
Living system procures energy-yielding 
substances from the environment in the 
form of food (Fig. 1.3) and converts them 



Fig, 1.3. Food is necessary for sustenance. 

into its own body substance. This process 
is called nutrition. These body substances 
are burnt by oxygen which is taken in from 
the environment, resulting in the release 
of energy and production of carbon- 
dioxide and water. The energy is utilised 
by the body during its activities while the 
carbon-dioxide and water are given out. 
The entire process of energy release and 
the gaseous exchange is called respiration 
(Fig. 1.4). Thus nutrition works for the 
building up of body substances ( anabolism ) 
and respiration is involved in its break- 
down (/catabolism). The anabolism and 
katabolism are together called metabolism. 
When anabolism exceeds katabolism, new 
materials are added to the body. Such 


a phenomenon of replenishment is not 
seen in non-living objects like rocks, which 
always retain the same old atoms and 
cannot replenish the loss. 



Fig. 1.4. Living body takes in oxygen and gives 
out carbon-dioxidc. The ultimate result is 
release of energy which is used during various 
work that are done by the living body. 

Another phenomenon which helps in 
the maintenance of steady state is the 
response to stimuli. Any change in the 
external environment or any alarm from 
the internal parts, is at once detected 
and attended to (Fig. 1.5). For example. 
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sight of a snake on the road immediately 
alarms us and we speed up to reach a 
safe place. Similarly, stimuli may come as 
sound, odour, touch, pain, heat and cold; 



Fig. 1.6. Showing an embryo within the egg (A) 
and just hatched chick (B). The embryo in course 
of its development has used up the yellow yolk 
and converted them into its own body material to 
become a chick. Such growth is not seen in 
non-living. 


wc always react to them. The process of 
metabolism and the power of responsi- 
veness are thus two unique features in the 
living system, which help in the main- 
tenance of equilibrium at dynamic 
level. 

III. GROWTH. When anabolism exceeds 
katabolism, the individual grows. Some 
non-living crystals in solution may grow 
in bulk, but here the growth is by the* 
addition of identical materials available 
as such. Whereas in living body growth 
takes place by the conversion of materials 
which are dissimilar to its body (Fig. 
1 . 6 ). 

IV. REPRODUCTION. After certain 
period of growth, all living beings tend to 
multiply. This multiplication is known 
as reproduction which may be either by 



Fig. 1.7. Reproduction leads to multiplication of 
individuals in the species. 



Fig. 1 .8. The body of a seal is an example of perfect aquatic adaptation. 


BIOLOGY OF ANIMALS 


participation of entirely one individual 
(asexual) or by the contribution of the two 
(sexual). Such multiplication in number 
by self-duplication is not seen in the 
non-living world (Fig. 1.7). 

V. ADAPTATION. All living forms have 
the wonderful ability to adapt themselves 
to their particular environment. Such 
adaptive behaviour permits certain forms 
to flourish well and allows them to survive 
in the course of evolution. Land, air, 
water j whatever it may be, are invaded 
by some or other forms of life, that have 
perfectly adjusted to the environment 
through suitable changes in their organi- 
sation (Fig. 1.8). 

VI. EVOLUTION. The living world, 
as we see it today, was not the same in 
the past. Many species of plants and 
animals that lived in distant past exist no 
longer and have now become extinct. 
At the same time many new forms have 
emerged. Life first originated as a very 
simple form. From that starting point 
it has marched through thousand million 
years and has reached the present level 
of complexity and diversity. It involved 
gradual changes and such changes occur- 
red from generation to generation. It is 
known as evolution. The most remarkable 
feature in the evolution of living beings 
is that only those which could adapt 
themselves to continuous changes in the 
environment survived, while others which 
failed became extinct. Such production 
of variation to meet the ordeal of evolu- 
tion is not seen in the inorganic world. 
Figure 1 .9 shows few stages through 
which the horse passed before attaining 
the present form. 



Fig. 1.9. Evolutioijionior.se. 


SUMMARY 

All living forms exhibit certain characters maintenance of steady stat4 } growth , repudiation, 

which are regarded as features of life. These adaptation and evolution. 

characteristics arc — complexity of organisation. 



CHAPTER 2 

Constituents of Living Matter 


The flame has no separate existence without the candle (Fig. 2.1). So is life. ' It 



Fig. 2.1. Flame of a candle lias no separate exis- 
tence without the candle. 


cannot exist without a body. Such a body having life is called living body. A candle 
is composed of different elements- carbon, hydrogen, oxygen, etc. What constitutes 
the living body? 


The substance which forms the fabric of 
living matter is known as protoplasm. 
It has certain physical and chemical 
characteristics and in addition, certain 
other features — which are the properties 
of life. These properties, known as biolo- 
gical characteristics, have already been 
discussed in the preceding chapter. The 
physical characteristics of protoplasm are 
— it is soft, jelly-like, discontinuous subs- 
tance which constantly transforms itself 
from a stage of ‘sol’ to ‘gel’ and vice versa. 
This internal change of state is due to its 
chemical nature and through this activity 
the protoplasm always releases energy. 
Chemically, protoplasm is a colloidal, 
water-dependent mixture of chemical 
substances. These substances mainly 
include four primary elements, carbon, 
hydrogen, nitrogen and oxygen, of which 
carbon plays the most important role. 
Because of its covalent nature, carbon sets 
the complex organisation of living matter 
and serves as “the very basis of life itself**. 


CHEMICAL ANALYSIS OF LIVING 
MATTER 

Following elements are known to be 
present in the protoplasm — carbon, 
nitrogen, hydrogen, oxygen, traces of 
chlorine, iron, calcium, magnesium, 
phosphorus, potassium, sodium and 
sulphur. In addition, certain other ele- 
ments, e g. copper, magnesium, fluorine, 
boron, silicon, aluminium, cobalt and 
zinc may be found in small quantities. 
These elements are organised into com- 
pounds having great complexity of mole- 
cular structure. Those compounds are of 
two categories — (i) Inorganic and ( 11 ) 
Organic. 

I. INORGANIC COMPOUNDS. These are 
represented by (a) Water and (b) Inorganic 
salts. 

A. WATER. This is most important for 
the living body. Major bulk of protoplasm 
is made up of water (66% in man; nearly 
90% in jelly fish). It does the following 
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functions: (1) acts as solvent for other 
inorganic and organic substances, (2) 
serves as a medium of every chemical 
reaction that occurs within the living body, 
(3) remains as a liquid for considerable 
range of temperature and is an excellent 

• ▲ 

oxygen nitrogen 


■ 

hydrogen carbon 

Fig. 2.2. Symbols used in this chapter to represent 
four primary elements in living substances. 

transporting medium and (4) plays a 
great role in regulating the effects of 
external temperature. 

B. INORGANIC SALTS. Though often 
present in insignificant quantity, the inor- 


A. CARBOHYDRATES. These com- 
pounds contain carbon, hydrogen and oxy- 
gen atoms in their molecules, and the 
common trend of chemical composition is 
C w (H a O) n . The carbohydrates serve as 
fuel and structural material . Most of the 
carbohydrate molecules are very large 
with a molecular weight of 500,000 or 
more. Each molecule is made up of 
numerous similar units. Each unit is 
called sugar. The carbohydrates may be 
(1) monosaccharides , (2) disaccharides and 
(3) polysaccharides. 

1 . Monosaccharides. Carbohydrate 
molecules which contain six or lesser 
number of carbon atoms are included in 
this group. The best examples are glu- 
cose, galactose and fructose (Fig. 2.3). 
All of them have the same molecular for- 
mula and are called isomers. They differ 
only in the arrangement of their hydrogen 
atoms. Of these three, glucose is most 
important, because it is the basic trans- 
portable form of fuel. It is used as fuel 
to be utilised during cellular respiration 
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Fig. 2.3. Models of monosaccharides. 


ganic salts play following important roles 
— (1) help in certain chemical reactions, 
(2) serve as precursor material for the 
synthesis of certain essential molecules 
(e.g. DNA), (3) take part in the forma- 
tion of supporting and protecting structure 
of the soft parts (e.g. bone). 

II. ORGANIC COMPOUNDS. Following 
types of organic compounds exist in 
living substances — (a) carbohydrates, (b) 
lipids, (c) proteins, (d) nucleotides, (e) 
vitamins. In addition to these there are 
organic acids, alcohols and steroids, which 
are synthesised from other molecules. 


and to supply the energy to the organism 
foi performing its life activities. 

2. Disaccharides. Tl|ese arc formed by 
the linking up of two monosaccharides by 
an oxygen atom betweefi them. The well- 
known disaccharides arjfc sucrose and mal- 
tose (Fig. 2.4). Sucrosejis composed of a 
glucose unit and a frudtose unit; maltose 
results during the breakdown of starch 
(a polysaccharide). 

3. Polysaccharides. These are very 
large carbohydrate molecules, containing 
series of monosaccharide units. Three 
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important polysaccharides are (a) starch, as the only source of reserve energy but in 
(b) glycogen and (c) cellulose. higher animals major energy reserves are 

(a) STARCH. These are storage products the fats. 



I #1 maltose ■ 


Fig. 2.4. Model of a disaccharide (maltose). 


in plants and are formed by the conver- (r) CELLULOSE. This is a very impor- 
sion of excess sugar (Fig. 2.5). Starch is tant polysaccharide which is responsible for 
insoluble in water. When needed for the the formation of structural elements in 


n#u mmmmm 



Fig. 2.5. Model of starch. During its break down water molecules add into arrow marked 
regions and convert it into glucose subunits. 


body in a watery medium starch is digested plants. It is generally absent in animals 
in the presence of enzymes called amylase except in a few cases (small quantities 
and maltase , into simple sugar. The break- of cellulose are reported to be present 
ing down of starch or any other organic in the skin of man). These are very 
compound with the interaction of water is long molecules, each of which may 
called hydrolysis . Starch provides the contain three thousand simple sugar units, 
richest source of carbohydrate to man- Cellulose is digested only by an enzyme 
kind. called cellulose , which is produced by 

(b) GLYCOGEN. Instead of starch ani- certain organisms. In ruminants, die 
mats store sugar as glycogen. Excess sugar cellulose in the ingested plant material is 
obtained from the plant starch is con- digested by cellulate producing bacteria, 
verted into glycogen which differs in which reside withm their alimentary canal, 
structure from the plant starch. Glycogen Within the gut oi termite, a flagellate, 
is kept stored in muscles and liver. When Trtconympha, performs similar function, 
required, it is quickly broken down into B. LIPIDS. Lipids are the most common 
glucose. In lower animals, glycogen serves energy reserves in animals. It is stored as 
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round droplets in special kind of tissue 
called adipose tissue and serves the follow- 
ing important functions — (1) as reserved 
potential energy, (2) as heat insulating layer 
beneath the skin, (3) as protector of vital 
organs from mechanical damages and (4) 
as to meet the water requirements in many 
animals. Each molecule contains carbon, 
hydrogen and oxygen atoms, but their 
arrangements are entirely different from 
that of carbohydrates (Fig. 2.6). Here, 


glycerol 



fatty acid 



-• 


V 


v 


Fig. 2.6. Model of a refirescritative fat molecule. 


in each molecule hydrogen atoms arc in 
greater proportion to oxygen than that in 
the carbohydrates and thus are concentra- 
ted source of potential energy. Moreover, 
during its burning (oxidation), more water 
is produced. The animals living in arid 
zones and unhatched chicks meet their 
water requirements from this water pro- 
duced as a byproduct of the breakdown 
of lipids. Each lipid molecule is made up 
of one alcohol molecule and three mole- 
cules of fatty acid. The three fatty acids 
in one molecule of fat may be identical or 
may be different. The number of carbon 
atoms in fatty acid varies from 4-24, and 
the number is always even. Lipids may 
be of three types — (1) Simple , (2) Compound 
and (3) Derived . 

1. Simple lipids. Fatty acids are 
combined with alcohols to form simple 
lipids. When the alcohol is glycerol it is 


called true fat and when it is other than 
glycerol it is called wax . The common 
examples of waxes are (a) Beeswax — Fatty 
acids are combined with myricil. (i) 
Lanoline — Fatty acids are united with 
cholesterol. 

2. Compound lipids. When fats are 
combined with other non-fatty groups like 
phosphates, sulphates, sugar and amino 
acids. The examples are (a) Phospholipids — 
Fats with phosphoric acid and nitrogenous 
base, (b) Glycolipids — Fats with sugar and 
nitrogenous base. ( c ) Amino lipids. Fats 
united with amino acids, (d) Sulpholipids — 
Fats united with sulphur. 

3. Derived lipids. These arc products 
which are obtained from the breakdown 
of simple and compound lipids. 

Fats which are eaten as food, are first 
emulsified by the action of bile salts 
produced in the liver. It is then hydro- 
lysed by the action of an enzyme lipase 
which converts it into fatty acids and 
glycerol. As fats are insoluble in water 
emulsification is a necessary prerequisite 
for transporting it through a watery me- 
dium. The water-soluble form is also 
obtained by replacing one of the three fatty 
acid molecules with a phosphorus- con- 
taining molecule. The resulting sub- 
stance is called phospholipid. It may be 
mentioned here that in man and some 
other animals, sometimes the carbo- 
hydrates are converted into fats. 

C. PROTEINS. Proteins are the most 
important compounds which provide 
the building blocks of the living body. 
From hair to the nail of the toe, each 
and every part is made up of protein. 
It remains dissolved or suspended, either 
singly or with others in the living sub- 
stance. When united with other kinds of 
molecules, they are kiiown as conjugated 
proteins. Before entering into the details 
of protein structure, it isf important to note 
that the diversity of protein in a living body 
is unique. Each structure in a living body 
is made up of a specific: kind of protein. 
Nature of protein not qnly differs in each 
species but also no two individuals (except- 
ing identical twins) possess proteins of 
identical structure. Such uniqueness of 
proteins in each individual is believable 
only when the complexities and possibi- 
lities of variety of protein molecules arc 
understood. 
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Each protein molecule contains nitro- 
gen in addition to carbon, hydrogen and 
oxygen atoms. Other elements, i.e. sul- 
phur, phosphorus, iron and copper may 
also be present. The structure of protein 
molecule is very large and is folded into 
three dimensional shapes. The two sim- 
pler proteins — insulin and beta-lactoglobulin 
have the molecular formulae — C 264 H 377 
^66^75^« and C 1864 H 3012 0 676 N 468 S 2 i- 
In spite of their large size the protein mole- 
cules are built up in an orderly fashion. 
Each chain is built up with simpler units 
called amino acids. Out of nearly eighty 
known amino acids, twenty are common 
in all living organisms. These twenty 
amino acids are built up in the following 
pattern. An amino group (--- NH 2 ) unites 
with the acid group (COOH), by re- 
moving a molecule of water. Figure 
2.7 shows the general plant of amino acids. 



Fig. 2.7. General plan of amino acids 
‘R’ varies in different amino ac ids. 


The letter R represents the particular 
chemical group which remains associated 
with the amino acid. The structure of 
R varies in different amino acids (Fig. 
2.8). As already mentioned, in a mole- 
cule of protein the amino acids arc linked 
together in such a way that amino 
end unites with the acid end of another 
after removing the water molecules 
between them. Such union is called 
the peptide bond. When it is a com- 
bination of two amino acids it is called 
dipeplide and when many amino acids 
are united they form a polypeptide. Thus, 
like the twenty-six alphabets making 
a voluminous dictionary, innumerable 
combinations of amino acids form the 
diverse kinds of proteins. During the 
breaking down of protein, by the action 
of proteolytic enzymes, the long chains of 
amino acids are broken into shorter chains. 
Finally, the shorter chains are broken into 
constituent amino acids. A water 
molecule is inserted at the broken end. 
The chain of protein molecules which 
remain folded is extremely sensitive to 
various physical and chemical agents. 


When in contact with these agents they 
lose their characteristic folding. It is 
called denaturation. 



alanine 


I 



serine 


Fig. 2.8. Models of three different amino acids. 

D. NUCLEOTIDES. Each nucleotide 
consists of a pentose sugar, a phosphate and 
one of the four bases. The pentose sugar 
is either ribose or deoxyribose. The ribose 
contains one oxygen atom more than 
deoxyribose. The phosphate is derived 
from phosphoric acid. Four bases which 
arc present in the nucleic acids are nitro- 
genous and two of them are in the group 
called Purines and two arc Pyrimidines . 
The purines are adenine and guanine , the 
pyrimidines are cytosine and thymine or uracil. 
Thus, there are four types of nucleotides, 
each type is characterised by a particular 
base. When one base unites with one 
pentose unit, they form a nucleoside , e.g. 
thymine with ribos^ —Thymidine; adenine 
with ribose -Adenosine. The sugar 
end of a nucleoside unites with the phos- 
phate group to form a nucleotide unit, 
e.g. Adenosine monophosphate or AMP, 
Thymidine monophosphate or TMP. 
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Nucleotides act as (1) components of 
genetic system, (2) as energy conveyor 
and (3) as co-enzymes. 

1. Nucleotides in Genetic system. 

Here nucleotides unite to form complex 
macromolecules called nucleic acids . Two 
types of nucleic acids are found (a) De- 
oxyribonucleic acid (. DNA ) and ( b ) Ribo- 
nucleic acid (RNA ) . 

(a) Deoxyribonucleic Acid. Deoxy- 
ribonucleic acid or DNA is the most 
important chemical substance present in 
the living system. The chemical basis of 
heredity depends upon the working of this 
substance which is called the key molecule 
of life. The DNA is localised in the nucleus 
(on the chromosomes) and sometimes is 
seen in other parts, i.e. mitochondria. 

Each molecule of DNA is made up of 
two strands or chains, each of which is 
formed by the alternate arrangement of 
deoxy sugar and phosphate groups (Fig. 
2.9). The tw f o chains are helically coiled 
as in a spiral staircase. This brings the two 
bases in between the two strands and in 
front of each other. Space between the 
two chains is such that one purine and one 
pyrimidine can fit together by the force 
of a weak hydrogen bond. This again is 
possible only when adenine pairs with 
thymine and guanine pairs with cytosine. 
Though the sequence of base in one strand 
varies in different g organisms, the 
pairing of base is always the same. From 
microbes to man, everywhere adenine fits 
with thymine and guanine couples with 
cytosine. Thus the sequence of base in 
one strand acts as a template of the other 
strand. The findings of molecular biology 
in recent years have established that in 
the arrangement of pairing of purine and 
pyrimidine bases lies the code or blue 
print of ‘building and working’ of the 
living system. These codes are first of all 
transcribed into the nitrogen base se- 
quence of RNA. That instruction is again 
translated to arrange different amino 
acids in proper sequence , to form 
protein. The DNA can multiply and this 
involves self-replication. This property 
serves as the basis of reproduction in all 
living organisms. Another important 
property of DNA is that it is mutable. 
The sequence of nitrogen base pairing 
may undergo change. This results into 
the production of a code of different kind 


which results into the appearance of 
changed traits. 



Fig. 2.9. Model of dna showing structural and 
molecular configuration. The kop portion depicts 
the double helical pattern with ring-like joints. 
The middle part represents thjje sequence of com- 
plimentary nucleotides. The Retails of the mole- 
cular arrangements with connecting hydrogen 
bonds are illustrated in the J lower part. (Note 
that each helix is formed of; a sugar phosphate 
backbone and four bases. Eac& base is connected 
with the sugar part and the two bases remain 
united by weak hydrogen bondfe). 


( b ) Ribonucleic Acid. In most living 
forms ribonucleic acid or RNA is responsi- 
ble for the synthesis of proteins. In a group 
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of viruses, it acts like DNA to serve as the 
material basis of inheritance. 

Structure of RNA. Long, thread-like 
molecules which are arranged usually in 
single strand but it may be coiled in several 
places to form helices. Sugar in the nuc- 
leotide is ribose sugar and of the pyri- 
midine bases the thymine is replaced by 
uracil, but the plan of pairing is same as in 
DNA, i.e. adenine with uracil and guanine 
with cytosine. According to their func- 
tional role in the process of protein syn- 
thesis, RNAs are classified into — messenger 
RNA, transfer RNA and ribosomal RNA. 

NUCLEOTIDES AS CONVEYORS OF 
ENERGY. Nucleotides exhibit a tendency 
to couple with additional phosphate 
group. For example, Adenosine mono- 
phosphate (AMP) with a second phosphate 
group becomes Adenosine diphosphate ( ADP) , 
while the addition of a third phosphate 
group makes Adenosine triphosphate (ATP) . 
This addition or union of additional phos- 
phate groups requires a large quantity of 
energy which is available from respiratory 
fuels. This linking energy is called high 
energy bond. When ATP breaks into ADP 
and finally into AMP, this bounded form of 
energy is released and utilised by the cell. 

Nucleotides as Coenzymes 

The nucleotides which work as coen- 
zymes, are complex substances which 
accompany the activity of an enzyme. In 
a chemical reaction within the body certain 
atoms are often transferred from one 


compound to another. An enzyme hastens 
the process and a cocnzyme actually helps 
in transfer. Most of the coenzymes arc 
produced from nucleotides, e.g. Flavin 
mononucleotide (FMN) and Flavin adenine 
dinucleotide (FAD). Both are formed by the 
union of flavin parts of vitamin B, Ribo- 
flavin with nucleotide derivatives. They 
work in transferring hydrogen atoms. 

E. VITAMINS. These organic substances 
arc never produced from carbohydrates, 
fats, proteins or nucleotides, but mostly 
taken directly from external sources. Some 
vitamins are of course synthesised in the 
body or arc supplied secondarily by the 
micro-organisms living inside. The vita- 
mins are required in very small quantities 
but are essential for the individual. Till 
the chemical nature of the vitamins were 
unknown, these substances were called in 
alphabetical names like. Vitamin A, B and 
so on. Formerly, it was detected that lack 
of vitamins in the diet produces various 
kinds of deficiency diseases. In recent 
years, it has been established that vita- 
mins act by uniting with the protein part 
of the enzymes. It is also understood that 
vitamin requirement is not same in all 
organisms. A particular vitamin which is 
essential for a particular organism, may not 
be required by some other forms. The 
latter groups may be capable of synthe- 
sising it within their body. A list of 
vitamins with their chemical names, 
sources and deficiency diseases produced 
by them arc mentioned in Table l. 


Table 1 


Different vitamins, their chemical names, sources and diseases 
produced due to their deficiency 


Alphabetical 

NAME 

Chemical 

NAME 

Source 

Deficiency diseases 

Vitamin A 
C 20 H 29 OH 

Axcropthol 

Milk, butter, carrot, 
green vegetables, 

fish liver. 

Night blindness, eye trou- 
bles, resistance of mu- 
cous membrane to vari- 
ous diseases decreases. 

Vitamin B Group 
Vitamin Bj 

Thiamine 

Meat, unpolished 

rice, yeast. 

Neuritis, muscular weak- 
ness, digestive troubles. 

Vitamin B 2 or G 

. 

Riboflavin 

Cheese, liver, egg, 
milk. 

Prevents growth in 

young. Disturbs the 

utilisation of unsaturated 
fatty acids. 

Vitamin B 6 

Pyridoxin 

Do 

Do 
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Table 1 (contd.) 


Alphabetical 

name 

Chemical 

name 

Source 

Deficiency deseases 

Vitamin B J2 

Cobalamin 

Niacin or 
Nicotinic ^cid 

Pantothenic 

acid 

Liver. 

Yeast, meat, inilk. 

Yeast, meat, milk. 

i 

I 

j 

Affects the formation of 
blood cells. 

Deficiency produces da- 
mage to the skin, intes- 
tinal epithelium, and 
nerves. 

Deprivation produces der- 
matitis in chicken, pre- 
vention of growth in rat, 
need unknown in man. 

Vitamin C 

Ascorbic acid 

Orange, lemon, fresh 
vegetables. 

Causes scurvy. Retards 
skeletal growth. 

Vitamin D 

Calciferol and 
other sterols 

Synthesised in the 
skin by the action of 
ultra-violet rays. 

Creates abnormal deposi- 
tion of calcium com- 
pounds, deficiency causes 
rickets. 

Vitamin E 

Tocopherol 

Cereal germ oil. 

Prevents abortion, steri- 
lity but precise function 
is not known. 

Vitamin F 

Linolcic acid 

Occur in vegetable 
oil, specially in lin- 
seed oil. 

Function is not clearly 
known. 

Vitamin H 

Biotin 

- Yeast, canc molasses, 
yolk, etc. 

Human needs not known. 

Vitamin K 

1 

Contains 
naphthoqui- 
none com- 
pounds. 

Human needs come 
from bacteria living 
in gut. Also avail- 
able from spinach 
and other green 
vegetables. 

Causes proncncss to hae- 
morrhage. 

Vitamin P 

Related to 
Flavanone, 
Hesperidin. 

Citrus fruits. 

Loss of resistance power 
of the capillary walls. 


SUMMARY 


The substance which constitutes all Jiving bodies 
is known as protoplasm. It is composed of four 
primary elements— Carbon, Hydrogen. Oxygen 
and Nitrogen. In addition, various other elements 
are present. These elements are organised into 


compounds which are of two : categories — (a) In- 
organic and (b) Organic. The important inorganic 
compounds are water and various salts. The organic 
compounds include chiefly carbohyd rates, lipids, 
proteins, nucleotides and vitamins. 


























CHAPTER 3 

Chemical Background 

The study of the constituents of living matter tells us that it is made up of ele- 
ments which are also present in the non-living matter. Each matter has some pro- 
perties of its own and this is the expression of activities which are going on at the levels 
of molecules and atoms (Fig. 3.1). How does this expression occur at the molecular 
level within a living system ? 



It is evident from the preceding chapter 
that living substance, protoplasm, is made 
up of large number of inorganic and 
organic compounds. The working of these 
compounds helps in the maintenance of a 
dynamic steady state. By two steps — 
metabolism and responsiveness, the living 
body maintains this dynamic steady state 
and both the steps are carried out by in- 
numerable chemical reactions of the dif- 
ferent compounds present in the proto- 
plasm. Life is thus rightly defined as 
‘uninturrupted chains of chemical re- 
actions’. 

It was calculated by Hofmeister, that a 
cell of liver contains approximately 
230,000,000,000 molecules of different 
compounds. These molecules are in 
constant dynamic state. Some of them 
synthesise their own material (anabolism) 
and some are engaged in breaking down 


of materials for liberating energy (kalabo- 
lism). A background knowledge of 
chemistry is necessary to understand this 
chemical make up ofliving body. 

I. MATTER. It is defined as some 
thing which occupies space and has some 
weight. Matter may be formed of one 
kind of substance or of different kinds of 
substances. Matter may exist in any 
one of the three states — solid, liquid and 
gaseous. A matter may change from one 
state to the other. When this happens due 
to temperature and pressure, it is called a 
physical change , which does not alter the 
basic characteristics of the matter. A 
second type of chaqgti may alter the funda- 
mental characteristics of the matter which 
is called chemical change . 

II. ELEMENTS. When matter is made 
up of same kind of substances it is called 
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an element. An element cannot be 
further broken down by chemical means. 
More than hundred elements are known to 
occur and 25% of them are present in 
the living body. 

III. ATOMS, MOLECULES AND ENERGY. 

Each element is made up of a particular 
kind of atoms. Atom is defined as the 
smallest part of an element which 
participates into the chemical combinations 
with other elements. Atom consists of a 
positively charged nucleus in the centre and 
one or more negatively charged electrons 
around it. The nucleus, which constitutes 
the mass of the atom, is composed of 
positively charged proton and electrically 
neutral neutron . The electrons are in 
constant motion along a definite orbit 
around the nucleus. There is a limit to 
the number of electrons which may be 
present in a particular shell. This is ex- 
pressed by the formula — maximum num- 
ber— 2 Xn 2 . Here, ‘n* represents the 
number of shells in the atom. 

It means that if the first shell contains 
2 electrons, second shell may hold 8 elec- 
trons, third shell may retain 18, fourth 
shell 32. But according to another rule the 
outermost shell cannot possess more than 
eight electrons. This means that in an 
atom having four shells, the outer one 
though able to hold 32 electrons will not 
have more than 8. Thus, atoms which 
have the full number of elections are called 
stable atoms , e.g. helium, neon, argon. On 



hydrogen 


the contrary, the atoms which do not have 
the complete set of electrons in the outer 
shell combine with other atoms by gain- 
ing or losing electrons and thus retain 
stability (Fig. 3.2). The atoms which 




Fig. 3.2. (A) Stable atom. (B) Unstable atom. 

lose electrons are called electro-positive 
and the atoms which gain electrons are 
electro-negative. This tendency of atoms 
to gain stability is the basis of all chemical 
reactions in which atoms of different ele- 
ments unite with each other (Fig. 3.3). 

Such union of two or more atoms results 
in the formation of molecule . Molecules 
are defined as the smallest part of a sub- 
stance which can remain independently 
and exhibit the properties of the original 
substance. The attachment of atoms needs 
energy which comes from external source. 
Thus within a molecule, the atoms retain 
some form of energy as the binding force. 
When in a chemical reaction this bond 
breaks, energy is released. The binding 
capacity varies in different atoms and 
is fixed for each kind of atom. Thus 



Fig. 3.3. The atoms unite to form a molecule. 
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hydrogen has one bond ‘and oxygen, nitro- 
gen, carbon possess 2, 3, 4 bonds respec- 
tively. The nature of a molecule depends 
upon the number, type and the spatial 
arrangement of the atoms. Some very 
large molecules may contain thousands of 
atoms. Some atom may be present in 
two different molecules but in different 
arrangements. Such molecules which 
have same number and kind of atoms but 
with different arrangements are called 
isomers (as seen in the case of monosac- 
charides) . 

IV. CHEMICAL REACTIONS. All com- 
pounds are formed either by the union 
of atoms or of molecules. When atoms of 
one kind unite to form a compound, they 
remove the outer electrons from other 
atoms. This gain in one and loss in other 
affect the electronic charge in them and 
they are held together by opposite charges. 
These charged atoms are called ions 
(Fig. 3.4) and they are held together by 


B. Synthesis reaction. Several mole- 
cules unite together to form a single 
molecule. 

GO 2 +H 2 0 - H 2 C0 3 

C. Decomposition reaction. This is 
just opposite to synthesis reaction. Here 
one molecule breaks up into smaller mole- 
cules. 

h 2 go 3 = co 2 (-H 2 0 

D. Reversible reaction. In this type 
of reaction, both the synthesis and decom- 
position continue simultaneously. For 
example, when Hydronium ion (H a O) and 
bicarbonate (HGO a ) arc kept together in 
a test tube, they react in the following way : 

h 3 o + hco 3 - h 2 o + h 2 co 3 

hydronium + bicarbonate — water -f car- 
bonic acid 

As H 2 G0 3 decomposes into G0 2 +H 2 0, 
the carbon dioxide escapes in the air. 




Fig. 3.4. Formation of sodium and chloride ions from sodium and chlorine. 


ionic bonds. The compounds produced in 
this way are called ionic compounds. 
When molecules of the ionic compounds 
are dissolved in water and are dissociated 
from one another they still retain the pro- 
perties of the substance. 

When two or more molecules are mixed 
they interact in such a way that a different 
kind of substance is formed. This intci- 
action of molecules is called chemical 
reaction. Four types of chemical reactions 
are known. 

A. Exchange reaction. Atoms inter- 
change their position in the contact of 
two molecules. 

H— Gl+Na— O— H= 
Na-Cl+H-O-H 

2 [VOL. l *76] 


But in a closed chamber, this C0 2 reacts 
with water to form H 2 G0 3 (carbonic 
acid), which in turn again combines with 
water to form Hydronium ion and bicar- 
bonate ion. Thus, reactions are taking 
place in two directions and it ultimately 
reaches an equilibrium. Such reactions 
are indicated by double arrows. Thus we 
can write the formula in the following way : 

H a O j HC0 3 > H 2 0+H 2 C0 3 (i) 

again, 

H 2 C0 3 ► H 2 0 f 0O 2 ... (ii) 


Overall reaction 

H 3 0+HG0 3 ^2H a 0 fC0 2 ... (Hi) 

In some of these reactions where new 
molecules are formed, energy is stored, in 
others during breakdown of the molecules, 
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energy is released. The reaction where 
energy is stored is called endergonie or 
energy regaining, whereas when energy 
is released it is called exergonic or energy- 
yielding reaction. All these chemical 
reactions depend upon certain factors — 
temperature, pressure and concentration 
of reacting molecules. Within a test tube 
all chemical reactions are activated by 
heat energy. There are certain substances 
called catalysts , which reduce the amount 
of activation energy needed. Living 
system is provided with a vast array of 
catalysts, called enzymes . These enzymes 
help all chemical reactions to occur quick- 
ly and at safe temperature (Fig. 3.5). 

V. ENZYMES. Enzymes are proteins 
and they act as catalytic agents. They are 
found only in the living body. They speed 
up different chemical reactions but remain 
unchanged at the end of reactions. The 


Enzymes aie specific in their action, i.e. 
one enzyme is capable of taking part in 
one chemical reaction only. Enzymes act 
with a great speed and a single enzyme 
molecule may be used repeatedly. A 
minute amount of enzyme can break down 
a very large quantity of substrate. 

VI. MIXTURES AND COMPOUNDS. 

A mixture is formed by two or more subs- 
tances where each substance retains its pro- 
perty. Compounds are also formed by the 
union of two or more substances but the 
properties of the compound become differ- 
ent from those of its constituents. Within 
a mixture the properties of the constituent 
may vary but in the compound it is always 
the same. Following mixtures are impor- 
tant from the point of view of biology. 

A. Solution. It is the homogeneous 
mixture at molecular level of two or more 





Fig. 3».5. Model of enzyme action. 


word enzyme was first coined by Kuhne 
in 1880. Up til now more than 700 
enzymes are known from different living 
systems. All enzymes arc not seen in all 
living bodies. On the contrary, there 
exists a definite enzymatic pattern in 
relation to the anatomical plan of each 
species in response to its particular adapta- 
tion. Enzymes may be named on the 
basis of their substrates (substance on 
which enzyme acts). For example, the 
enzymes which split proteins are called 
proteolytic enzymes, which break down 
carbohydrates are called amylolytic and 
which take part in the breakdown of fat 
are called lipolytic enzymes. Enzymes 
are again named according to the nature 
of the compound on which they are effec- 
tive. For example, enzymes which act on 
proteins are called proteases, which act on 
nucleic acids are called nucleate etc. 


substances having different molecular 
orientations. Generally, it is formed by the 
mixture of a solid or gas in a liquid. The 
liquid is called the solvent and the sub- 
stance which is dissolved is known as the 
solute. Water is the major solvent in living 
systems. 

B. Suspension. It ij& a mixture which 

consists of very minute solid particles 
scattered in a liquid dispersion medium. 
A mixture of sand andl water is a perfect 
example of suspension! The constituents 
of a suspension separate by the* action of 
gravity. \ 

C. Emulsion. It is a mixture of a 
liquid in a liquid. Here the two liquids 
remain separate in minute droplets. Oil 
in mixture with water forms emulsion. 
Two such substances are always intimately 
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united* But this may be augmented with 
the addition of an emulsifier. Within the 
body the bile salts act as emulsifying agent. 

D. Colloids. The colloid is the mix- 
ture of particles which remain larger than 
in solutions but smaller than in suspension . 
The particles in a colloid never precipitate 
down at the bottom as in case of suspension, 
e.g. milk (colloid of fat and protein in 
water), fog (colloid of water in air). The 
articles may be seen under microscope 
ut cannot be filtered through ordinary 
filter paper. 

The protoplasm is paitly colloid and 
partly suspension. Many substances 
remain dissolved in the watery medium of 
protoplasm which also contains numerous 
insoluble materials in colloidal state. The 
protoplasm is thus a colloid of both solid 
and liquid in a liquid medium. The 
colloidal consistency of protoplasm exhibits 
following features : 

1. Browmwn Movement. Gravitational 
force always tends the colloidal particles 
in the proioplasm to settle down, but 
finer particles in the suspension, which are 
always under constant thermal agitation 
kick them. This counteracts gravitational 
force and produces a rotating motion 
called Brownian movement. 


2. Similar Electric Charges. The 

dispersed colloidal particles possess similar 
electrical charges which repel each other. 
This together with Brownian movement 
causes the colloidal particles to remain in 
dispersed state. 

3. Sol-Gel Conversion. The cellular 

colloids have the ability to change from a 
solid to liquid phase. When water is 
withdrawn, the particles stay together and 
form a stiff gel phase. Immediately with 
the coming of water in between the parti- 
cles they disperse and the fluid sol phase 
appears. 

4. Formation of Membrane. The colloids 
within living system always tend to form 
a membrane, which separates inner part 
bom the outer environment. The mem- 
brane thus makes the interphase by tight 
packing of molecules. When broken due 
to injury it is soon repaired before the 
inner contents flow out. 

The membrane regulates the flow of 
different materials. It has been noticed 
that though many small molecules are not 
permitted yet several large molecules are 
allowed to enter. Such selective filtration 
involves in one hand physical processes like 
osmosis and diffusion and on the other 
hand complicated chemical reactions. 


SUMMARY 


The work in piotoplasm at molcculai level 
involves synthesis of own mateiial in one hand and 
breakdown of the sane in the othci. The chemical 
icactions within protoplasm are guided by the 
same laws which work in non-living matters. The 
presence of several enzymes in the protoplasm 
facilitate the reactions. 


The piotoplasm contains different substances 
which remain in the state of solution , suspension, 
emulsion and colloid. For the following properties — 
Btounian movement , ideal cal charges, sol-gel conversion 
and membrane formation the colloids play important 
role in living system. 




PART TWO 


SIMILARITIES WITHIN DIVERSITIES 


The secret of Nature’s beauty lies in the existence of diversities, in living 
world. A bird has no similarity with a dragon fly, a squirrel never resembles 
a cat or a dog. The examples of diversities are numerous and in subsequent 
chapters we will learn more about them. It will also be revealed that diversity 
exists to such an extent that no two animals, even of the same kind are exactly 
alike (of course, the identical twins are exceptions). 

In this part we will examine the similarities which exist within diversities. 
The modern concept of unity includes unity in both plant and animal organisa- 
tion, but here we will restrict our discussion to animal organisation only. 




CHAPTER 4- 


Cell — The unit of living organisation 

One of the characteristics of protoplasm is that it never exists in a continuous 
state. It always forms small functional units called — cells. The cell was first seen by 
Robert Hooke in 1665 through the 
microscope made by himself (Fig. 4.1). 

Since then in the last 300 years, it has 
been learnt that all living bodies 
are made up of cells and the function- 
ing of an individual is die result of 
combined and co-ordinated efforts of all 
its cells. To understand the problem 
of life processes, one must explore 
the cell — its structure, shape, size, 
number and function. The study of 
cell, which started as cytology , has now 
become th;. pilgrimage of men from 
different disciplines and thus a new 
horizon has come in biology which is 
called cell biology . 

The word ‘cell’ (Latin cellula — a small apartment) means compartment. In 
fact:, this term was coined by Robert Hooke to describe the structures of the cork 



Fig. 4.2. Diagrammatic view of an animal cell under the light microscope. All the parts 
shown above are not necessarily present in all animal cells. 
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Fig. 4.1. The cell (a) as seen by Robert Hooke 
in 1665 through the microscope (b) made by 
him. 
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which he observed under his microscope. 
Hugo von Mohl was the first bio- 
logist to recognise the importance of the 
protoplasm as the living contents of the cell. 
Robert Brown noticed the existence of 
rounded bodies within the central region 
of the epidermal cells of orchid leaves. 
He coined the term nucleus to these centrally 
located bodies. After the discovery of the 
existence of nucleus M. J. Schleiden and 
T. Schwann profounded the Cell-theory 
which postulates that all living organisms 
are made up of ceils, i.e. they are essen- 
tially cellular in nature. Since then differ- 
ent biologists contributed much on the 
biological nature of the cell. Studies by 
different workers through light .microscope 
have revealed the following structures in 
almost every animal cell (Fig. 4.2). 
I. Plasmalemma, II. Cytoplasm and III. 
Nucleus. The cytoplasm contains several 
structures which are collectively known as 
cytoplasmic organelles. The structure and 
function of the cell are carefully deter- 
mined by the critical examination of entire 
cell and by isolation of its parts. The needs 
of these studies required various methods 
and techniques. The introduction of elec- 
tron microscopy added a new dimension to 
the study of cells and its structures were 

lrr»Ai*m in tie l I7i#y A. 



Fig. 4.3, A three-dimensional diagrammatic view 
of half of an animal cell showing some of the 
structures. 


An account of different components 
which are present in the animal cell is 
given below. It must be remembered that 
all the structures, which are described, are 
not necessarily present in all the animal 
cells. 

COMPONENTS OF ANIMAL CELL 
I. PLASMALEMMA. This is the outer- 


most limiting membrane of the cell. 
The concept of plasmalemma developed 
long before it was actually seen. The 
structure of plasmalemma was revealed 
only after the use of electron microscope. 

It is very thin, nearly 75 A (1 A= jq^qq 


micron = 


1 


10,000,000 


mm) 


and contains a 


double layer of lipid molecules which 
remain sandwitched between two layers 
of protein (Fig. 4.4). The two lipid layers 



rig. ‘t.T. a. snowing me structure oi ecu mem- 
brane as seen through electron microscope. 
b. Chemical make up of cell membrane. 

are 35 A thick and each protein layer is of 
20 A in thickness. The plasmalemma is 
extremely elastic and this elasticity is due 
;o the folded nature of its protein mole- 
cules. The appearance of the cell surface 
iepends upon the nature of the cell, i.e. 
whether it is free or in contact with other 
cells- Even when the cells are in intimate 
contact, they remain a few A apart and the 
jap is filled up with extracellular material 
'ECM). The plasmalemma is extremely 
instable and is always reformed. The cell 
;urface is perforated and the pores lead into 
:anals. The lining of these canals is in 
continuation with die plasmalemma. These 
canals go deep into the cytoplasm and are 
issociated with other components of the cell 
which also are lined by plasmalemma like 
lipo-protein. The plasma^mma performs 
several functions which ar<| listed below: 

a. It separates the innef content of the 
cell from the outer environment. 

B. It acts as a selective' semipermeable 
membrane to control the entrance and exit 
of different molecules. Sometimes the 
membrane, in addition to selection, helps 
in the entrance and exit by a system of 
active pumping. The two functions, 
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namely, the absorption and excretion of 
molecules are carried out in the membrane 
by the action of enzymes and an energy- 
rich substance called Adenosine triphosphate 
(ATP). The permeability of membrane 
depends upon several factors — age and 
metabolic state of the cell and the condi- 
tion of external environment. 

c. It helps to maintain the isotonic 
condition by regulating osmosis. 

d. In addition to selective absorption of 
molecules, the plasmalemma may ingest 
solid or liquid substances by the following 
two processes — (1) Phagocytosis and (2) 
Pinocytosis (Fig. 4.5). 


and is responsible for the movement of the 
cell. 

f. Plasmalemma may have specialised 
substances around it for giving mechanical 
support to the individual, e.g. chitin, 
keratin and cellulose. 

g. It is responsible for maintaining the 
shape of the cell. 

II. CYTOPLASM. In the light micros- 
cope, cytoplasm appears as a semi-fluid, 
complex, elastic and heterogeneous mater- 
ial. In some cells the cytoplasm is dis- 
tinctly divided into an outer stiff ectoplasm 
and an inner fluid and actively mobile 
endoplasm. The endoplasm contains 'var- 





Fig. 4.5. Three stages of phagocytosis (A) and pinocytosis (B). 


(1) Phagocytosis. It involves ingestion 
of solid particles. This is done by the 
extension of plasmalemma and cyto- 
plasm around the particle in the form 
of a pouch. The pouch finally detaches it 
from the outer membrane and is drawn 
inside as a vacuole, the wall of which 
is formed by the plasmalemma. Im- 
mediately with the intake of such a 
vacuole in the cytoplasm, the plasm; 
lemma of the projected ends unite and the 
membrane becomes continuous. Phago- 
cytosis is common in certain protozoans 
and in the amoeboid cells of higher 
animals. 

(2) Pinocytosis. The phenomenon in- 
volves in the ingestion of liquid droplets in 
the same process as phagocytosis, the only 
difference is that the pouch is much smaller. 

E. Plasmalemma is extremely sensitive 


ious inclusions or organelles having diverse 
functions. The following structures are 
generally seen in the cytoplasm of all cells 
though it may be that some organelles are 
the characteristics of certain cells only. 

A. Ground substance. The cyto- 
plasm contains a ground substance or 
hyaloplasm in which various organelles are 
dispersed. It includes, either in dissolved 
or suspended state, various reserve food 
granules, oil droplets and numerous thin 
fibrils. 

B. Endoplasmic reticulum or 
Ergastoplasm. It is present as a system 
of membranous nc^ork in the ground 
substance of cytoplasm. These mem- 
branes begin from the plasmalemma 
pore and are structurally similar to 
plasmalemma. The membranes occur 
in pairs and thus form canals. r £he$e 
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canals arc in continuation with various 
organelles and nucleus. The endoplasmic 

endoplasmic reticulum 


ribosoj 



Fig. 4.6. Three-dimensional model (diagrammatic) 
of a part of the cytoplasm to show endoplasmic 
reticulum and ribosomes. The lining of endoplas- 
mic reticulum forms network of canals. Ribosomes 
are seen on the wall of these canals. 

reticulum is found to occur in three forms 
— cisternae, vesicles and tubules. The cisternae 
are elongated, flattened and parallelly 
arranged. The vesicles are circular and 
the tubules have variety of shapes. 

G. Ribosomes. These are very small 
round bodies, which either remain scattered 
in the ground substance or are arranged in 
a linear fashion along the wall of the endo- 
plasmic reticulum (Fig. 4.6). Ribosomes 
contain a special type of RNA. Some of 
the ribosomes remain attached to a single 
messenger RNA molecule and are called 
polyribosome , on which proteins are synthe- 
sised. When isolated the ribosomes are 
often accompanied by bits of endoplasmic 
reticulum. This fraction is called 
microsome. 

D. Mitochondria or Chondrio- 
somes. These small bodies are present in 
all cells excepting bacteria. The size varies 
from 0’2 /* to 8 /a. The mitochondria may 
be filamentous, rod-shaped, dot-like or 
oval. These mobile enzyme packets are 
usually evenly distributed throughout the 
cell. In certain cells, during synthesis, the 
mitochondria may assemble at the site of 
synthesis. The number of mitochondria 
in a particular cell type is always cons- 
tant. The mitochondria often multiply 
but. the exact mode of division is not 
known. In a living cell, these bodies 
can be stained by Janus green B. The 
study with electron microscope reveals 
that each mitochondrion is covered by a 


double membrane of protein and lipid. 
The outer membrane forms the smooth 
covering and the inner membrane gives 
rise to ruffled projections towards the 
interior to give a shelf-likc appearance 
called cristae (Fig. 4.7). There are spherical 



Fig. 4.7. Diagrammatic view of a mitochondrion 
(longitudinally splitted). The granules are for 
collecting calcium and magnesium, which are 
necessary in the work of mitochondria. 

granules in the cavity of the mitochondria 
which collect calcium and possibly mag- 
nesium needed for mitochondrial activity. 
The inner surface is filled up with a liquid, 
containing enzymes, mainly for cellular 
respiration. In addition, it contains RNA, 
vitamins and co-enzymes. Recently, it has 
been discovered that mitochondria also 
contain some amount of DNA. Mitochon- 
dria remain in close association with other 
components of the cell and exchange neces- 
sary substances. 

It is regarded as the power house of the 
cell and is involved in doing two important 
functions — oxidation and phosphorylation. 
Through oxidation it breaks down the 
carbohydrates, proteins and fats. The 
energy thus released passes through a 
number of reactions into other phosphate 
containing molecules. This stored energy 
remains bound in Adenosine triphosphate or 
ATP. In this form it is transported by the 
mitochondria to a particular site of the 
cell where energy exchange is going on. 

E. Golgi apparatus, |The Golgi com- 
plex was discovered byf Gamillo Golgi, 
an Italian physician. is best seen 
in cells having secretory functions. 
It is visible only after special treatment 
with osmic acid and silver salts. Its 
electron microscopic structure is like a 
collection of paired smooth surfaced mem* 
branes and small sacs With a fluid in their 
inner space (Fig. 4.8). The Golgi vesicles 
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are in contact with the cisternae of endo- 
plasmic reticulum. Its function is not 



rig. i nrce-uixuciwiuuui mouci ui a portion 01 
Golgi apparatus in cross-section. 

properly understood, but it is believed to 
be involved in the synthetic process and 
also involves in “packaging” of proteins 
produced in cells. 

F. Vacuole. The vacuoles appear as 
round bodies of different sizes. It is 
bounded by a plasmalemma like mem- 
brane. It contains water and various 
water-soluble substances. Some vacuoles 
may have special excretory functions and 
some may contain food particles. The 
general function of vacuoles is to regulate 
the osmotic pressure. 

G. Centrosome. This is seen only in 
the animal cells. Under a light microscope, 
it is seen to contain two small round 

filaments 



Fig. 4.9. Structure of centrosome under electron 
microscope. (a) Centriole in cross-section. 
(b) Centriole in longitudinal section (both 
diagrammatic). 


central bodies called centrioles. Electron 
microscope reveals that each centriole is 
made up of nine groups of filaments which 
form a circle. Each group includes three 
filaments (Fig. 4.9). The centrosome plays 
an important part in cell division by orga- 
nising the formation of spindle. 

H. Lysosome. Lysosomes are small 
mitochondrion-like bodies with densely 
packed granules and concentric membra- 
nous covering (Fig. 4.10). It contains cer- 
tain enzymes like phosphatase which take 



Jug. 4.10. Diagrammatic figure of lysosome based 
on an electron micrograph. 

part in the breakdown of different cell sub- 
stances. These enzymes are collectively 
known as cathepsin. These are released 
generally at the time when it is necessary 
to break down the cell itself. It is abun- 
dantly seen in the cells of amphibian larval 
tail, where considerable cellular break- 
down occurs at the time of metamor- 
phosis. These enzymes also help in the 
breaking of ingested cellular material. 

I. Plastids. These organelles are the 
features of plant cells, but many lower 
animals, e.g, Euglena also possesses plastids 
(Fig. 4.11). The plastids which contain 



t ig. 4.11. Diagrammatic vew of a chloroplast as 
seen through electron microscope. Note thal 
chloroplast contains outer and inner membranes 
The inner membranes are densely packed anc! 
known as Gram, Grana lie in the colourless 
proteinaceous matrix, known as stroma, • 
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green colouring pigment, chlorophyll 
(chloroplasts), are responsible for trapping 
energy from sunlight to synthesise carbo- 
hydrate food. 

III. NUCLEUS. The nucleus is the 
most important structure of the cell. 


When the nucleus is distinct, the cell is 
called eucaryotic cell , but in forms like 
bacteria where definite nucleus is lacking 
it is regarded as procaryotic cell. The nucleus 
is usually spherical but may be of other 
shapes too (Fig. 4.12). The size of the 


nucleus of 

mesenchymal cell (undifferentiated) 
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nucleus is usually proportional to the size 
of the cell. The nucleo-cytoplasmic ratio 
lies between 1 : 7 and 1:10. Generally, one 
nucleus is present in each cell, but there 
are cells with more than one nuclei. 

The nucleus consists of following parts — 
(a) nuclear membrane , (fc) nuclear sap , 
(c) chromatin bodies and (d) nucleolus (Fig. 
4.13). 

A. Nuclear membrane. Electron 
microscopy has revealed that nuclear 
membrane possesses structures identical 



Fig. 4.13. Structure of nucleus as seen under elec- 
tron microscope (diagrammatic). 


to the structure of plasmalemma and 
other membranous structures of the cell. 
There are number of pores on the surface 
of the nuclear membrane through which 
different substances may pass in and out of 
the nucleus. Each pore has a central 
knob like diaphragm, which regulates the 
expansion and contraction of the pore. 

B. Nuclear sap. The nuclear sap or 
nucleoplasm is made up of a gel-like sub- 
stance in which different other structures 
of the nucleus remain suspended. It acts 
as a pool of various substances which are 
either used or produced by the different 
components of the nucleus. During divi- 
sion, dehydration of the nuclear sap occurs. 

C. Chromatin bodies. These a ^ 
present in the nuclear sap as beaded or 
thread-like structures. In a cell which is 
not dividing these bodies are seen only 
after suitable staining with the basic dyes. 
These bodies contain DNA, some amount 
of RNA, a protein called histone and cer- 
tain enzymes such as alkaline phosphatase . 
During division the chromatin bodies 
condense and thicken to thread-like 
structures called chromosomes (Fig. 4.14). 


The chromosomes are paired structures 
and are evenly distributed during ordinary 
cell division. The chromosomes contain 
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Fig. 4.14. Showing the 23 pairs of chromosomes 
of a normal human male. The chromosomes were 
photographed from a cultured leucocyte arrested 
at metaphase by colchicine and were consequently 
arranged as karyotype (Chicago conference, 1966) 
in different groups (A-G) according to length, 
number according to the position of centromere. 
Chromosomes X and Y respectively belong 
to groups C and G. Karyotype of a normal 
female has two X chromosomes in group G while 
her group G includes no Y chromosome at all 
(Courtesy: Dr. Sudhangsu Ghosal). 

genes which bear hereditary traits (Fig. 
4.15). The gene is not visible as a discrete 
body. The dark bands of the chromosomes 
(■ euchromntic regions ), represent the sites 
of the genes. The chemical analysis of 
chromosomes has now established that 
it is the DNA part which works as bearer 
of hereditary characters. 

D. Nucleolus. Nucleolus appears as 
a dense spherical mass inside the nucleus. 
The number may be one or two. It is 
rich in RNA. The number of nucleolus 
is fixed per nucleus and for a given 
type of cell. The nucleolus contains 
network of dense material called nucleolo- 
nema and coarse granules called chromatin. 
The nucleolus is visible only when the cell 
is not dividing and is believed to play an 
important role in the synthesis of ribosomal 
RNA. At the onset of division it dissolves. 
After division one particular chromosomal 
region organises it again. 

CELL FUNCTION 

The description of different cellular 
components may lead to this erroneous 
idea that each component probably carries 
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its activity independently. It is not so. 
All the cell organelles work together and 



Fig. 4.15. A single salivary gland chromosome of 
Drosophila. Note the dark and light hands on 
its surface. 

their work is absolutely dependent upon 
each other. The working of the entire 
cell is the cumulative expression of the 
working of its different components. 

Within a multicellular body there are 
millions of cells, which differ in their shapes 
and functions. Whatever may be the duty 
of an individual cell, they work in a com- 
mon plan. The working of a cell involves 
the production of new substances in one 
hand and breakdown of some substances 
on the other. In each tiny mass of proto- 
plasm both these functions are carried 
out effectively and smoothly through a 
number of chemical reactions. The speed 
at which these chemical reactions occur 


is really amazing. All these activities 
involve the working of different biological 
catalysts called enzymes. The most intere- 
sting features of these chcmial reactions 
are — (1) existence of a “ feedback ” mechanism 
and (2) slow production of energy . 

Protein is the most important fabric of 
the cell. Therefore, the synthesis of protein 
is the most essential function of cell. The 
DNA present in the chromosome acts as 
template or cast. The available raw materials 
attach in specific sequence of this cast and 
with the help of an enzyme RNA-polymerase 
they are Jinked into a polynucleotide chain. 
This results in the formation of a parti- 
cular type of RNA, called messenger RJVA, 
which carries the information from DNA. 
Messenger RNA separates from DNA and 
passes into the cytoplasm. Within the cyto- 
plasm at the sites of the ribosomes a second 
kind of RNA ( ribosomal RNA) holds the 
messenger RNA in extended condition. 
From the cytoplasm, a third kind of 
RNA ( transfer RNA) collects amino 
acids and delivers them to the proper 
position on the messenger RNA. One 
kind of transfer RNA can collect only one 
type of amino acid. Therefore the number 
of transfer RNA corresponds to the number 
of available amino acids. Thus, different 
transfer RNAs deliver their amino acids 
on the specific sites along the entire length 
of the messenger RNA which remains stret- 
ched on the ribosomes. These amino acids 
unite in a sequence to form a particular 
protein. 

During the process of breakdown, car- 
bohydrates, fats and proteins are converted 
into pyruvic acid . Of course, the cell can 
use these components only when they are 
in the form of glucose, fatty acids, gly- 
cerols and amino acids respectively. The 
pyruvic acid enters into the mitochondria 
and a part of it is furthef converted into 
energy-rich molecules called Adenosine tri- 
phosphate (ATP). These A'f'P molecules are 
used in different parts of the cell, e.g. in 
the membrane, in the cytoplasm, etc., 
to perform different functions. When 
energy is required this f stored ATP is 
broken down into ADP o| Adenosine diphos- 
phate and energy is released. The ADP 
may be further broken down into Adenosine 
monophosphate (AMP) and more energy is 
released. 

When synthesis is mote than the break- 
down new substances are stored within 
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the body. This results into growth. The 
phase of growth is not unlimited, after 
certain period of growth the cell dupli- 
cates. Thus reproduction (a process of self- 
duplication) is also operative at the 
cellular level, where multiplication takes 
place by division. 

A question may arise that when all the 
cells are made up of protoplasm and when 
all of them are working in the same plan, 
what is the reason of diversity among 
themselves? The answer is that the 
working of a cell depends upon the inter- 
action of two systems — message from the 
DNA and environment. The different parts 
of the cell including enzymes are made up 
of proteins. The control of the synthesis of 
proteins depends upon the message from 
DNA. In different species this DNA code 
(particular arrangement of nucleotides 
which, in its turn specify particular amino 
acid sequence in the protein chain) varies, 
which results, into the variation of forms. 
The same code alters slightly within the 
cells of same individual, resulting into the 
formation of diverse types of cells. The 
second important system is the environ- 
ment which supplies the precursors from 
which fabrics are built up according to 
the instruction. 

CELL — Number, Size and Shape. 

Number of cells in an organism varies. 
In some organisms, the body is made up 
of many cells (multicellular) while in 
others it is made up of single cell (uni- 
cellular). In a human body it is calculated 
that there are 10 14 cells on an average. 
Number of cells increases up to certain 
period of life and such increase ceases 
afterwards. The cells in a multicellular 
body are of two types, germ cell and somatic 
cell . The cells which are only responsible 
for reproduction are called germ cells and 
the remaining cells are called somatic cells. 

y Similarly, shape and size of the cells 
also vary extensively (Fig. 4.16). Some 
multicellular forms (Rotifers) may be 
smaller in size than many unicellular 
forms, i.e., Amoeba , Spirostomum , etc. Where- 
as some single cells like the eggs of birds 
Sand reptiles are quite large. A nerve cell 
may attain a length of several meters. 
Red blood cells are only 5-8/x in diameter. 

: Within an organism the cells rarely remain 
in round state. They are flattened 
(epithelial cells), may be spindle-shaped 


(muscle cells) or spider-shaped (nerve 
cells) etc. The size and shape of a cell 
are related to its function and are 
governed by four factors — (1) surface- 
volume ratio, (2) nucleo-cytoplasmic ratio, 
(3) rate of cellular activity, (4) cell asso- 
ciations. 

(1) Surface-volume Ratio. The cell 

membrane separates the inner content 
from the outer environment. But this sepa- 
ration does not mean isolation. A number 
of substances pass in and out through 
the membrane. These substances are 
essential for the activities of the cell. The 
total surface area of a cell is just sufficient 
for its inner content. Any increase in the 
surface area produces manifold increase 
of the cell volume which upsets the balance. 
Thus the particular shape and size which 
a cell attains are determined by the ratio 
of surface area and inner volume. 

(2) Nucleo-cytoplasmic Ratio. The cell 

functions by the co-ordinated activities 
of its different parts. Most important is 
the co-ordination between nucleus and 
cytoplasm. Nucleus produces certain 
substances which come into the cytoplasm 
and control its activities. The cytoplasmic 
area of a cell is just enough which a nuc- 
leus can control. If the cytoplasmic area 
is much extended, it will not be possible 
for the nucleus to control its activity. For 
this reason a cell never attains size where 
nuclco-cytordasmic ratio is more than one- 
seventh to one-twelfth. In certain cases 
this difficulty is overcome by the presence 
of more than one nucleus in a large cell. 

( 3) Rate of Cellular Activity. Though 
all the cells of a living body are equally 
important, yet some cells are metabolically 
more active than the others. The more 
active cells are usually smaller and in 
them, the surface -volume ratio and nucleo- 
cytoplasmic ratio arc in such a level that 
the cells can work more actively than the 
larger cells. 

(4) Cell Association. The cell-to-cell 
attachment is important in multicellular 
forms which render some amount of rigi- 
dity. The degree of attachment plays an 
important role in determining the shape of 
the cell and their functional property. 

It is evident that all the four factors 
stated above are interrelated and of these 
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the surface-volume ratio and nucleo- functions which are to be carried out. In 
cytoplasmic relations play the most many cells the surface area is increased by 
important role in determining the size, various sorts of folding. Such increase 
shape and also characteristics of the has reduced the chance of the alteration 
cell. But everything depends upon the of inner volume. 
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BIRTH AND GROWTH OF THE 
CELL CONCEPT 

No single person can be pointed out to 
get the credit for present-day cell concept. 
It developed through more than three hun- 
dred years by the efforts of a number of 
workers in the different parts of the world. 
The most important aspect in the history 
of cell study is that it always progressed 
to solve a particular problem, but when 
the answer came, it merely unfolded some 
new problems to be investigated. The 
study of cell is therefore always regarded 
as the most dynamic and fascinating 
problem in biology. 

The history of cell research may be 
divided distinctly into two parts (i) find- 
ings of different structures in the cell and 
(n) attainment of generalisation. 

I. FINDINGS OF DIFFERENT STRUC- 
TURES IN .the CELL. The exploration 
of cell was always accompanied by the 
improvement and advancement of diff- 
erent tools and techniques. The study 
of architecture of living body started with 
unaided eye and came to a level beyond 
which it was not possible to advance. 
The need was met with the invention of 
microscope, an instrument which was 
meant for magnification. The quality of 
the microscope was gradually improved 
and in course of time phase-contrast, inter- 
ference, and electron microscopes came, 
with only one purpose -to see and to 
know about the cells in more details. The 
methods of fixing and staining developed 
and attained such a level that today many 
specific compounds can be traced within 
a cell. Techniques were also developed 
to isolate different components of the cell 
and to analyse them. A short history of 
the progress is given below: 

Bichat, Fernel and others studied the 
living body with the naked eye and very 
rightly came to a level beyond whit: 1 
nothing could be seen. Bichat examined 
tissues and concluded that different tissues 
have different architectures which depend 
upon their functions. Fernel studied 
muscle cells and inferred that muscle is 
made up of small muscles, which in turn 
is made up of smaller muscles. His con- 
clusion was that it goes ad infinitum . 

No further advancement was possible 
till 1665, when Robert Hooke, a well- 
3 [vol. i 76] 


known British scientist, described a thin 
slice of cork and other plant parts under a 
microscope. He described the presence 
of honeycomb-like structure and called 
each box a cell. 

This was the beginning of the study of 
cell and many new discoveries were to 
follow. In the seventeenth century, Mal- 
pighi and Grew, independently examined ‘ 
cells in detail. But they too, like Hooke 
considered the cell wall as the all impor- 
tant parts and ignored its inner content. 
Gorti (1772) and Fontana (1781) saw 
living substance in plant cells. Robert 
Brown (1883) identified the round body 
inside the cell as the nucleus. In 1885, 
Felix Dujardin named the jelly-like inner 
content of protozoans as sarcode. It was 
Purkinje who in 1840, used the word 
protoplasm to replace sarcode and in 1846 
Van Mohl applied the. term protoplasm 
to the plant cells. Rapid development of* 
staining techniques led to the finding of 
other structures. Claude Bernard dis- 
covered mitochondria, Golgi described 
the structures of Golgi apparatus within 
the cell. The division of cell was noticed 
by Virchow (1859). Strasburger (1888) 
described chromosomes within the nucleus 
and it was found out by Flemming (1892) 
that division of a cell involves duplication 
of chromosomes. The discovery of the 
phenomena, that during the formation of 
gametes the chromosome number is halved 
and again after fertilisation the normal 
number is restored, drew the attention of 
embryologists to the problems of cytology. 

The beginning of twentieth century 
was marked by an important advance- 
ment in cell studies when Morgan dis- 
covered the presence of trait- bearing 
bodies, called Genes in the chromosomes. 
This was soon followed by rapid emer- 
gence of studies. Bracliet, Gaspersson, 
Gomori and others using improved tech- 
niques traced t he chemical nature of diff- 
erent structures within the cell. The use 
of ultra-centrifuge helped in the isolation 
and studies of different cell organelles. 
The techniques of cultivating cells in 
vitro was devised by Harrison and was 
improved by Carrol, riEarl, Gay, Fell and 
others, which provided a new scope to study 
the living ceils. The invention of elec- 
tron microscope was successfully utilised 
by Porter, Fawcett, Novikoff, Sjostrand 
and others who added new dimensions 
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to our knowledge of cell structure. 
Today, along with the higher resolution 
of microscope many other tools like X-ray 
diffraction, chromotography, electropho- 
resis, spectrophotometry are adding new 
chapters to the study of cell. 

II. ATTAINMENT OF GENERALISA- 
TION. The cells are always subject of 
study for having certain clues about the 
mysteries of living body. This study started 
to find out the ultimate architecture of 
living body. The trend showed by Vesalius 
was followed by Bichat and Ferncl, who 
came down to a limit beyond which 
nothing is visible to the naked eye. The 
need to see better led to the discovery of 
microscope and it was left to Robert Hooke 
to confirm the assumption that in the 
living body there are minute compart- 
ments called cells. 

While new facts were being discovered 
about cells in many organisms, Schleiden 
and Schwann in 1839 advanced what is 
known as the cell theory which states : 

1. Animals and plants are made up of 
cells which are units of structure and 
function. 

2. The cells have independent lives 
within higher forms of life. 

3. New cells arise by a process resemb- 
ling crystal formation. 

This generalisation was an important 
step towards the progress of biology. But 
speakers in the centenary celebration of 
cell theory in 1939, like Conklin, Karling 
and others severely criticised Schleiden 
and Schwann for not giving due credit to 
their predecessors like Dutrochet of France 
who had clearly stated that cells are the 
units of living body and they possess 
independent life. Moreover, the third 
generalisation in the cell theory that new 
cells arise by a process similar to crystal 
formation, was found wrong by Virchow, 
who clearly demonstrated that cells always 
come from pre-existing cells. In spite of 
this criticism it must be said that the credit 
should be given to the proposers of the cell 
theory for being able to attract the atten- 
tion of the biologists of their time and the 
impact was great. Virchow’s enunciation 
provided a solid basis to the cell theory 
which still remains as one of the landmarks 
of modern biology. Later in 1861, Max 
Schultze of Germany observed that proto- 
plasm is fundamentally similar in all 


animal and plant cells. The protoplasmic 
theory of Schultze was confirmed by 
T. H. Huxley and the concept of univer- 
sality of protoplasm as the “physical basis 
of life” was another important generalisa- 
tion of biology. 

Once this was established, it was thought 
that chemical analysis of protoplasm will 
provide an answer to the question of mys- 
teries of life. Numerous facts were known, 
but the final answer remained far away. 
The concept of common physical basis 
raised a number of questions — if proto- 
plasm is same in all animal and plant cells 
what is the reason of this worldwide divci - 
sity ? How was it attained through evo- 
lution? How do characters go from one 
generation to the other ? 

The beginning of twentieth century saw 
the coming of another important discovery 
when Morgan proved experimentally that 
chromosomes in the nucleus are the here- 
ditary vehicles. Once this was known, 
extensive search continued to understand 
the working of nucleus and its relation 
with cytoplasm. From that moment, the 
study of cell joined the study of develop- 
ment and heredity. 

At the present moment we know many 
details about cell. This knowledge has 
accumulated from the joint enterprises of 
physics, chemistry and biology. Wc know 
that DNA is the key chemical substance 
which serves as the basis of heredity. It 
controls, through RNA, the protein syn- 
thesis in cytoplasm but even today our 
knowledge about the nucleo-cytoplasmic 
interactions is incomplete. The cell as 
the unit of structure and function in all 
living organisms provides the underlying 
basis of unity in the great diversities of the 
living. We have this important generali- 
sation today that “life is an uninterrupted 
succession of cells. Growth, development, 
inheritance, evolution, disease, aging and 

death are varied aspects of cell 

behaviour.” But we ajfe still far from 
complete understanding ^f the mechanism 
behind it. \ 

CELL IN DIVISION 

Self- duplication is the most important 
characteristic of the living substance. The 
cell carries the function by a process called, 
cell division. ‘Multiplication by division* 
is a universal feature of life and it shows 
that cells always come from some 
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pre-existing cells which serves as the basis 
of the continuity of life. There are three 
types of coll division — (i) Mitosis, (n) 
Meiosis and (hi) Amitosis, each of which 
will be discussed separately. 

I. MITOSIS 

The word mitosis means the division of 
the nucleus, but it is used to describe a 
process of cell division which involves both 
nucleus and cytoplasm. During mitosis, 
a cell divides into two daughter cells. 
The production of two cells is the attain- 
ment of a climax of extensive series of 
preparatory events which arc blended 
into one another. 

A. FUNCTIONS OF MITOSIS 

1. Many single-celled organisms multi- 
ply through mitosis. This is the mode of 
reproduction in case of them. 

2. Multicellular forms attain adult stage 
by this typt ,f cell division. 

3. This type of division meets normal 
wear and tear of the individual. 

4. It occurs during wound healing and 
regeneration of lost parts. 

B. FACTORS CONTROLLING MITOSIS 

It is not known what stimulates mitosis. 
A number of chemical and physical agents 
are known which either promote or inhibit 
mitosis, but their mode of action is not 
clearly understood. The entire pheno- 
menon depends upon a number of factors 
which may be grouped into two categories. 

1. Condition of Cellular Metabo- 
lism. Cell division involves duplication of 
coll substance, therefore, the event depends 
upon the metabolic process of the cell for 
raw materials and energy. Any distur- 
bance in the metabolic pathways of cell 
will inhibit the metabolic activity. 

2. Condition of Cellular Speciali- 
sation. Cells which arc specialised for a 
particular function, tend to lose their 
ability to divide, whereas unspecial iseu 
cells may divide at regular intervals. 

C. EVENTS OF MITOSIS 

The entire process of mitosis may be 
separated into two broad categories, name- 
ly, chemical events and physical events. 
The chemical events, which are responsible 
for duplication, start long before the ap- 
pearance of physical events which involve 
equal distribution of cellular materials. 


1. Chemical Events. Within the nuc- 
leus of a cell, which is destined to divide, 
the chromosomes synthesise more DNA 
and it has been shown that such a cell . 
doubles its DNA content. During this 
process the genes which are present on 
the chromosome duplicate. The duplica- 
tion of all the genes results into the 
doubling of the chromosome but the line 
of division remains invisible. The chemi- 
cal events in mitosis have been extensively 
studied by Taylor at chromosomal level 
and by Messelson and Stahl at molecular 
level. Their study revealed that the 
molecular doubling of genetic material 
has its parallel in the doubling of chromo- 
somes at the cytological level. There is 
considerable lapse of time between the end 
of the chemical events and the beginning 
of the physical events. It is believed that 
some other biochemical changes occur at 
the stage of interphase (Fig. 4.17a) which 
are necessary for the physical events. 

2. Physical Events. The entire visible 
process of mitosis may be divided into four 
stages. These arc Prophase, Mctaphasc, 
Anaphase and Telophase (Fig. 4.17) and 
are followed by cytokinesis. It is not 
that during division the cell stops for a 
while at each stage*, on the contrary, the 
entire process is a dynamic and continuous 
one. Time required for the completion of 
a particular stage or of the entire process 
varies in different types of cells and also 
depends on different physical and chemi- 
cal factors. 

a. Prophase 

During this stage changes occur both 
within the nucleus and in cytoplasm. 
Within the nucleus the nucleolus dis- 
appears at the end of piophasc and the 
chromosomes become visible. The visibi- 
lity is due to the condensation of chromatin 
fibres from slender thread-like appearance 
to stout chromosomes (Fig. 4.1 7b-c). In the 
beginning of prophase the outer surface 
of the chromosome remains irregular but 
at the end of prophase it becomes smooth. 
Each chromosome, which is already dupli- 
cated, is made up of two closely set pairs, 
the chromatids . The- two chromatids are 
united together at a region which does 
not take chromosomal stains. The 
region of attachment is called centromere 
or kinetochore . The position of the centro- 
mere on the chromosome varies but for a 
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C late prophase F early anaphase 


Fig. 4.17. (A.-F) — Stages or mitosis — A. Interphase, B. Early prophase, G. Late prophase, 
(D) Prometaphase, (E) Metaphase, (F) Early anaphase. The circle drawn in Fig. E to 
indicate equatorial plane is imaginary. It never appears during cell division. 
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particular chromosome the position is cons- 
tant. When centromere is diffused along 
the entire length of chromosome it is called 
polycentric v chromosome. When the cen- 
tromere is present at the centre of the 
.chromosome, it is called a metacentric 


chromosome and when the centromere is 
placed at one end of the chromosome it is 
regarded as an acrocentric chromosome . In 
another form of chromosome the centro- 
mere is absolutely terminal, it is called 
telocentric chromosome. In the cytoplasm, 



Fig. 4.17. (Gr-I) — Diagrammatic representation of mitotic stages (contd.). (G) Late anaphase. 
(H) Telophase, (I) Two daughter cells after cytokinesis. 
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with the commencement of prophase stage 
the centrosome containing the centriole 
splits into two and the two parts move 
away from each other. When they reach 
two opposite poles a portion of cytoplasm 
forms a gel around them and encircles it 
as radiating fibres. This body is now 
called aster. Number of gelatinous fibres 
appear in the cytoplasm. They are called 
the spindle fibres. These fibres connect 
the two centriolcs. The spindle fibres are 
made up of protein and RNA and they can 
be isolated from the cell. The arrange- 
ment of spindle varies widely in different 
cells. Three sets of fibres are generally 
visible. One set connects the two polar 
centriolcs; the second set connects the 
centromeres with the centriolcs and the 
third set, in between the daughter chro- 
mosomes. These inter-chromosomal fibres 
push the chromosomes during their journey 
to the poles. 

At the end of prophase, the nuclear 
membrane disappears and the chromo- 
somes are shifted mechanically and come 
towards the equator of the spindle. The 
phase of spindle formation and movement 
of chromosomes to the centre is also 
termed as prometaphase (Fig. 4.17d). 

b. Metaphase 

It is a brief phase during which very 
little visible changes occur. Arrange- 
ments along the equator depend updn the 
nature of chromosomes, i.e. metacentric 
chromosomes become V-shaped and 
acrocentric chromosomes remain straight 
or L-shaped (Fig. 4.17e). 

c . Anaphase 

This phase involves the journey of chro- 
matids to the opposite poles. It starts 
with the movement of daughter centro- 
meres. Each daughter centromere while 
moving to the pole drags one chromatid 
from the other. At the same time the 
central spindle between the two chroma- 
tids elongates to form a pack Of filiform 
structures called stem body. Thus anaphase 
stage is the result of two processes, move- 
ment of centromeres and elongation of 
spindle, both of which vary in different 
organisms. The indication of cytoplasmic 
separation begins from this stage (Fig. 
4.17F-G). 

d. Telophase 

The daughter chromosomes after reach- 
ing the poles, lose their smooth texture 


and start to de-condense. The chromo- 
somes form a loose network around which 
a new nuclear membrane is formed. It 
is believed that the nuclear membrane 
arises from the endoplasmic reticulum. A 
nucleolus reappears in each of the daughter 
nuclei (Fig. 4.17h-i). 

e. Cytokinesis 

During the end of telophase a furrow is 
formed in the cell membrane along the 
equator. This furrow deepens and consi- 
derable movement of cytoplasm takes 
place. Then all on a sudden the cell is 
pinched into two along the furrow in the 
equator and the cytoplasmic turbulence 
ceases (Fig. 4.17i). 

II. MEIOSIS 

Meiosis is a special type of cell division 
which occurs in sexually reproducing orga- 
nisms. In all organisms the chromosomes 
remain in pairs. The organisms repro- 
ducing ascxually multiply by mitosis. 
Thus, there exists no chance of alteration 
of chromosome number. On the contrary, 
sexual reproduction demands contribution 
from two individuals. Thus there lies a 
risk of chromosomal disbalance. The 
process of meiosis helps to avert this pro- 
bability by reducing the number of chro- 
mosomes to half. It may happen after 
gametic union (as in sporozoa) or before 
fertilisation (in all higher organisms}. In 
higher organisms, therefore, mitosis occurs 
in both somatic and germ cells but meiosis 
takes place in the germ cells alone and 
only during the formation of gametes. 

A. FUNCTIONS OF MEIOSIS 

1. It checks the disbalance of chromo- 
some number (by reducing the chromo- 
some number to half in the gametes, which 
after union restores the specific number). 

2. It produces random assortment of 
chromosomes, which results into the pro- 
duction of a large number of variations. 

B. STEPS OF MEIOSIS \ 

Meiosis involves two divisions of the cell 
but one division of the chfomosoinc. Thus 
the entire process of meidjsis may be split- 
ted into — (1) First meiolic division and 
(2) Second meiotic division. 

1. First Meiotic Division, This in- 
volves all the phases of mitosis — Prophase, 
Prometaphase, Metaphase, Anaphase, 
Telophase and Cytokinesis (Fig. 4.18), 
but the incidents during the events are 
different. 
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a. Prophase (») Zygotene or Zyg onma > 0*0 Pachytene or 

It is the longest phase in the first meiotic Pachynema , (iu) Diplotene or Diplonema, and 
division and much longer than mitotic ( v ) Diakinesis. 

prophasc. It can be subdivided into the (z) Leptotene. It is a short stage during 
following stages: (z) Leptotene or Leptonema , which chromosomes become elongated and 



Fig. 4.18. Meiosis — Stages of first meiotic division. 
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slender (Fig. 4.18a). Whether the lepto- 
tene chromosomes are split to form chro- 
matids or not, is still a matter of dispute. 

(ii) Zygotene, At this stage an important 
event called synapsis or pairing occurs. 
During this event, the homologous chro- 
mosomes pair and their homologous re- 
gions come in close approximation with 
each other throughout their length. The 
pairing begins from the end away from 
the centromere and gradually extends 
along the entire length of the chromosome 
(Fig. 4.18b) and it ends with the pairing 
of the centromeres. The pairing of homo- 
logous chromosomes results into the forma- 
tion of bivalents. 

(iii) Pachytene. At this stage (Fig. 4.18c) 
the bivalents condense and each chromo- 
some of the bivalent divides into two 
strands. Thus at the end of pachytene, 
the bivalent looks like a four- stranded 
structure, all the strands being closely set 
together. 

(iv) Diplotene. (Fig. 4. 18 d). The force 
that kept the bivalents together ceases to 
act at this stage and the members of the 
bivalent separate except at certain points 
where two strands, one from each homo- 
logous chromosome, unite together to 
form Xs (Fig. 4.20). These points are 
called chiasmata . The number of chiasma 
in a bivalent varies from 1-12. Two hypo- 
theses are well known to explain the for- 
mation of chiasma. 

According to the Classical hypothesis , on 
one side two paternal and two maternal 
chromatids are paired and on the other 
side a paternal chromatid pairs with a 
maternal and a maternal chromatid pairs 
with a paternal one. It means that forma- 
tion of a chiasma may or may not give 
rise to a crossing- over. 

According to Chiasma type hypothesis , two 
strands in a four- stranded bivalent, break 
and unite diagonally in a X-shaped fashion 
to form chiasma. It means that crossing- 
over precedes the formation of chiasma. 

Why do the chromatids break and then 
rejoin? Wherefrom comes the motive 
force of chiasma formation? Why both 
the chromatids from maternal and pater- 
nal chromosome split at a particular 
region? These are a few of the many 
unanswered questions about the chiasma 
formation. 

But this is known that occurrence of one 
chiasma prevents the formation of another 


chiasma at the nearby region. This 
phenomenon is called chiasma interference . 
At the end of diplotene, the chromosomes 
thicken and become short. In some forms, 
the chiasma slips and comes to the termi- 
nal end of chromosomes. This is called 
terminaluation. 

(v) Dlakinesis. Bivalents become short, 
thick and darkly stained. These bivalents 
move towards the inner side of the nuc- 
leus (Fig. 4.18e). 

b . Metaphase 

At the end of prophase, nuclear mem- 
brane disappears and the spindle is 
formed. The bivalents remain attached to 
the spindle fibres by its two centromeres. 
During their arrangement in the equator, 
one centromere remains above and the 
other remains below the equator. It 
may be mentioned here that the centro- 
mere during mitosis remains perfectly on 
the equator. The chromosomes become 
much condensed and gain a smooth 
appearance. The gap between two centro- 
meres is dependent upon the position of 
chiasma (Fig. 4.18 f). 

c. Anaphase 

Each member of the bivalent chromo- 
somes begins to move towards the pole 
(Fig. 4. 18o). It is dragged by the cen- 
tromere with which the fibres of the 
spindle are connected. The behaviour of 
chromosomes is the same as in mitosis. 
Only difference is that during mitosis, a 
half centromere and one chromatid 
migrates while here an entire chromosome 
having two chromatids and an intact 
centromere does the same behaviour. 

The movement ends the pairing of the 
bivalent which causes the chiasmata to slip 
off from the terminal end. It must be 
remembered that chromosomes which 
separate during anaph^e are not the 
same which appeared dicing zygotene to 
form the bivalent. Due t<| chiasma forma- 
tion and crossing-over, many parts of it 
are reorganised. J 

d. Telophase 

This phase resembles ’that of mitosis. 
Only difference is the orientation of chro- 
matids. Two chromatids of each chro- 
mosome are arranged either like L or V. 
A narrow stem body persists between the 
nuclei at the two poles. 
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CYTOKINESIS 

The occurrence of cytoplasmic division 
may or may not follow the nuclear sepa- 
ration. In some cases a resting stage or 
interphase or interkinesis appears, while in 
many instances the telophase nuclei pass 
directly into the prophase stage of second 
meiotic division. 

2. Second Meiotic Division (Fig. 4.19). 
The process is almost similar to the normal 
mitosis. 

{a) Prophase. It is a brief stage and is 


similar to the mitotic prophase. No com- 
plication occurs as in the first meiotic divi- 
sion (Fig. 4.19a 1 ,a 2 ). 

(i b ) Prometaphase and metaphase. Spindles 
are organised very quickly and the chro- 
mosomes which are reduced to half are seen 
to possess widely separated chromatids 
with attachment only with the centromere. 

(c) Anaphase. Centromere of the chro- 
mosome divides and two halves are drawn 
towards the opposite poles (Fig. 4.19b 1 ,b 2 ). 
Each half of centromere carries with it 
the already separated chromatid. 




anaphase 





Fig. 4.19. Mciosis (contd.) — Stages of second meiotic division. 
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(d) Telophase . The process is same as 
that of mitotic telophase, with the only 
difference that the telophase nuclei here 
contain only half the number of chromo- 
somes. 

(e) Cytokinesis. It is same as in mitosis 
and results into two daughter cells. Thus 
four cells arc produced, each with half the 
number of chromosomes of the mother cell 
(Fig. 4.19 c 1; c 2 , »!, d 2 ). 

Significance of meiosis. It has already 
been discussed that in higher organisms 


none of which are exactly alike. Thus, 
a large number of variations result, which 
have got great significance in evolution. 


III. AMITOSIS 

For a long time it was known that in 
several instances the nucleus divides 
without the disappearance of nuclear 
membrane and the formation of spindle 
apparatus (Fig. 4.21). Such direct division 
of nucleus is known as amitosis. The appli- 
cation of improved techniques has shown 
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a pair of 
homologous 
chromosomes 



each chromosome chiasma 

splitted into two formation 
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3 


second 
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Fig. 4.20. Mechanism of chiasma formation and crossing-over. 


meiosis occurs in the cell which forms the 
gametes. In the formation of both male and 
female gametes from one gametocytc, four 
daughter cells arc produced with haploid 
number of chromosomes*. In the males, all 
the daughter cells become functional game- 
tes or sperm cells. But in females, the 
unequal cytokinesis results into the for- 
mation of one large cell and three small 
cells. Each of them contains haploid 
number of chromosomes, but only the large 
cell becomes the functional gamete and the 
other three, called the polar bodies or polo- 
cytes, become abortive. Another fascinat- 
ing aspect of meiosis is that it begins at 
the very early life in the individual but 
remains arrested for a considerably long 
time in the prophase state. In males the 
completion depends upon the attainment of 
sexual maturity. In the female, the com- 
pletion of the division comes only shortly 
before or after fertilisation. The process 
of meiosis not only reduces the chromo- 
some number to half for the purpose 
of reproduction but also by random 
distribution of paternal and maternal 
chromosomes and by crossing-over through 
chiasma (Fig, 4.20), it produces gametes, 


that in cells dividing arnitotically, probably 
there exists some intranuclear mechanism 



ciliat* 

Fig. 4.21. Different types of amitotic division. 


for equal distribution of chromosomes. 
The division in amoeba, which was regard- 
ed to be amitotic in nature, is now establi- 
shed to be initotic division. 
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Table 2 


Comparative account of mitosis and moiosis 


Points of discussion 

Mitosis 

Meiosis 

1 . Nuclear division 
and chromosome 
duplication 

Mitosis involves one nuclear 
division. It is the chief pro- 
cess of reproduction in 
many unicellular organi- 
sms. Each division ensures 
duplication of chromo- 
somes. 

Nuclear division occurs twice in 
close succession but the chro- 
mosomes are duplicated once 
only. 

2. Chromosome 
number 

As a consequence of mitosis 
daughter nuclei maintain 
the same number of chro- 
somes as before the division 
(diploid chromosome set). 

Meiotic division results into four 
daughter cells. The number of 
chromosomes in each of these 
cells are reduced to half (haploid 
chromosome set). 

3. Occurrence in the 
body 

Mitosis is the general mode 
of division of body cells. 
The resultant cells are 
similar. 

Meiosis occurs in the specialised 
tissues like testis and ovary 
resulting into sperms and ova 
(reproductive cells) respective- 
ly in sexually reproducing orga- 
nisms. 

The resultant cells may be dis- 
similar (as in the case of 
oogenesis) . 

4. Purpose of divi- 
sion 

The general purpose of 
mitotic division is the mate- 
rial increase of cell number. 

i 

Meiosis is a significant condition 
for sexual reproduction. The 
haploid set of chromosomes in 
gametes fuses to form the dip- 
loid zygote and thus the usual 
chromosome number of the 
species is maintained. 

5. Time of DNA 
synthesis 

Synthesis of DNA occurs 
strictly in the interphase. 
In addition, synthesis must 
occur in every interphasc. 

Synthesis may extend even up to 
early prophase (I). 

Transient interphase after the 
first meiotic division is devoid 
of synthetic phase. 

6. Stages 

a. Prophase 

Prophase is the longest 
phase. Chromosomes be- 
come visible and in due 
time each appears as paired 
threads of chromatids. 
Nuclear membrane dis- 
appears and the spindles 
appear. Usually there 

occurs no bivalent, chias- 
ma and crossing-over 

though there arc recorded 

a. Prophase (1st) 

This is also the longest phase as 
in mitosis but is much more 
complicated. The entire phase 
has been subdivided into the 
following : 

(0 Leptotene or Leptonema, 
(«) Zygotene or Zygonema, 
(in) Paqliytenc or Pachynema, 
(iv) Diplotene or Diplonema 
and 

(i>) Diakinesis. 
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Table 2 (contd.) 

Points of discussion Mitosis Meiosis 

6. Stages (contd.) 

instances of somatic cross- The characteristic events arc: 
ing-over with the pairing Chromosomes become dis- 
of chromosomes. But for- Crete, visible and oriented in a 
mation of chiasma is lack- polarised way. The homologous 
ing in those cases. * chromosomes become entwined. 

These paired chromosomes are 
now termed bivalents. Now 
each chromosome in the biva- 
lent splits into two chromatids. 
This is followed by breaking 
and rejoining of chromatid seg- 
ments resulting into exchange 
of genetic material between the 
homologous chromosomes 
I (crossing- over). This is accom- 

! panied by chiasma formation. 

Chiasma is the cytological equi- 
valent of crossing-over. The 
bivalents now begin to orient 
themselves on the spindle. Each 
has two centromeres. Inter- 
change of chromosomal material 
involving genetic exchange ren- 
ders evolution its dynaniicity. 

b. Metaphase b. Metaphase (1st) 

Chromosomes become most Centromeres get attached with 

distinct and take the cqua- spindle fibres. Bivalents orient 

tOrial position. Each at- themselves at the equator in 

taches to the spindle fibre such a way that each of the 

at the centromeric region. homologous chromosomes can 

move to the reverse pole. 

c. Anaphase c. Anaphase (1st) 

Centromere divides. Chro- Characteristic feature of meiotic 

mosomes are pulled length- anaphase (I) is that it results in 

wise to the opposite poles the segregation of homologous 

and since each chromo- chromosomes to the opposite 

somal material consists of poles. Each of these parting 

two chromatids, one chro- members of the homologous set 

I matid of each chromosome (with its new geifctic make-up 

moves towards one pole of resulting from grossing- over) 

! the spindle. may eventually participate in 

the genetic constitution of two 
individuals of thd next gcncra- 
| tion through fertilisation of the 

| resultant sex cells. The pheno- 

! menon has definite importance 

from the point of view of 
i evolution. 
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Table 2 (contd.) 

Points of discussion Mitosis Meiosis 

6. Stages (contd.) d. Telephase d. Telophase (1st) 

Chromosomes start reassum- Two daughter nuclei (and even- 
ing the thread-like state by tually cells) arc formed in the 

the gradual process of un- same way or the two sets of 

coiling. Spindles disinte- chromosomes may enter directly 

grate. Daughter nuclei into the second meiotic division, 

(and cells after cytokinesis) 
result. 

7. Duration Cells pass through the inter- Duration of the entire meiotic 

phase state until further division is usually much longer 

division occurs in the same in comparison to that of mitosis, 

manner. Duration of the The second meiotic division in- 
entire mitotic division volvcs two daughter nuclei or 

ranges from 30 minutes to cells. The characteristics are: 

several hours. (i) Centromere splits so that 

at anaphase (II) the chromatids 
can move to the two poles. 

(ii) At telephase (II) nuclear 
membrane forms around each 
mass of chromosomal materials. 
Four nuclei (and cells after 
cytokinesis) result, each con- 
taining only one set of homo- 
logous chromosomes. 


SUMMARY 

(i) The cell is the unit of a living body. It lism) and breakdown (katabolism). The anabolism 

contains — (a) plasmalcmma, (b) cytoplasm and exceeds katabolism in the young cell and growth 

(<:) nucleus. takes place. After certain period of growth the cell 

(ii) The plastnalemma acts as limiting mem- divides by duplication, this is mitosis. 

brane, the cytoplasm forms the ground substance (;;) Another type of cell division is seen during 
and retains various organelles, i.e. centrosome, the formation of reproductive cells. This is 
Golgi bodies, mitochondria, endoplasmic reticulum, meiosis. 

lysosomes and ribosomes. (vi) The third type of cell division, amitosis, is 

(Hi) The nucleus is the controlling centre of the also seen in some cases, 
cell and contains nuclear membrane, nuclear sap, (vii) Mitosis results in duplication of chromo- 
nucleolus and chromatin bodies. somes but meiosis reduces the number and also 

( iv ) The cell function involves synthesis (anah«- renews the structure of chromosomes. 



CHAPTER 5 


Tissues 

Cells are the units of living body. In the body of man there are approximately 
10 1 * * * * * * * * * * * * 14 cells, all of them have been produced from a single coll, the zygote. It has been 
calculated by Gamow that nearly 50 mitotic divisions are necessary to produce such 
a huge quantity of cells (Fig. 5.1). Development does not mean quantitative 
increase only, but also it loads to qualitative changes. From a single cell develops a 



Fig. 5.1. Human zygote at two cell stage. Fifty 
divisions arc necessary to produce an adult human 
body. 

pack of homogeneous cells which ultimately form heterogeneous groups. The attain- 
ment of this diversity within a single organism results into the division of labour. In 
order to carry out a particular function, certain cells attain certain common morpho- 
logical and functional features — and that collection of cells with similar structure and 
function is called a tissue. 


Four different kinds of tissues are .seen 
in the animals — Epithelial , Connective , Alus- 
cular and Nervous. Each group includes 
several types, which will be discussed 
separately. 

1. EPITHELIAL TISSUES. The cells 
taking part in this type of tissue have a 
regular, well-defined shape and scanty 
intercellular substance. They are usually 
in contact with one another on a definite 
basement membrane. The epithelial cells 
either form compact groups or form a 

continuous lining on all external or 

internal free surfaces. These tissues are 

without vascularisation but contain nerve, 

fibres and migratory cells. When epithelial 

tissue is made up of a single layer of cells, 

it is called simple epithelial tissue and when it 

is many- layered it is called compound or 

stratified epithelial tissue. According to the 

shape of the cells (Fig. 5.2) which arc pre- 

sent near the surface, the epithelial tissue 

may be (A) Squamous— These are tile-like 

flat cells. The simple squamous epithelium 

is seen in peritoneum of frog, alveoli of 


lungs and endothelium of blood vessels. 
The stratified squamous epithelium is found 
in epidermis, wall of oesophagus, cornea 
and a part of female urethra. (B )Cuboidal- 
Cube- like cells with polygonal outer sur- 
face, c.g. lining of thyroid vesicles and 
kidney tubules. (C) Prismatic or Columnar — 
The simple columnar tissues include tall 
cells with distinct elongated nucleus, e.g. 
lining of alimentary canal. The stratified 
columnar is seen in the pharynx, epiglot- 
tis as a pack of cells in wluch inner cells 
arc fusiform and outer ce0s are tall and 
prismatic in appearance. * 

The columnar epitheliu|n may be (1) 
Ciliated — Possessing short fvibratile cilia 
for removing fluid, mucous and other 
materials, c.g. lining of nafcal tube, lining 
of bronchial tube and lining of Fallopian 
tube. (2) Flagellated —Each cell possesses a 
single flagellum, e.g. flagellated cells in the 
endoderm of hydra. (3) Stereo-ciliated — 
Here the cells are with one or two immo- 
bile cilia at their free end, e.g. lining of 
nostril, tongue and internal ear. These 
are sensory cells for receiving different 
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stimuli, i.e. smell, taste and hearing. 
(4) Brush border — Free end of the cells has 
brush-like appearance. These are res- 
ponsible for absorption, e.g. lining of the 
intestine. All the above mentioned epi- 
thelial tissues are included in this group. 
These epithelia carry following functions: 

(а) Absorption, e.g. Brush-border 
columnar. 

(б) Diffusion, e.g. squamous. 

(c) Secretion, e.g. cubical. 

(d) Protection, e.g. squamous, ciliated 
columnar. 

(e) Sensory, e.g. stereo-ciliated. 


either scattered or in a group within other 
epithelial cells or may be variedly organi- 
sed to form glands. The glands are chiefly 
either tubular or saccular. The tubular 
glands may bo simple (intestinal gland), 
branched (lacrimal gland) and coiled (sweat 
gland). The saccular glands are again 
simple (present in skin of toad,) compound 
(salivary gland) and branched (sebaceous 4 
gland). Some glandular epithelial 
cells give out only their product 
(me roc Tine) , others throw their entire cell 
together with the content ( holocrine ), e.g. 
sebaceous gland. In the third type 



ciliated columnar epithelium glandular epithelium 


epithelium 


Fig. 5.2. Different types of epithelial tissues. 


According to its function, the epithelial 
tissues may be (A) Covering epithelium and 
(B) Glandular epithelium. 

A. COVERING EPITHELIUM. It include: 
the covering of external or internal sur- 
faces. 

B. GLANDULAR EPITHELIUM. It in- 
cludes specialised epithelial tissues which 
have acquired either secretory or excre- 
tory properties. In general, the cells of the 
glandular epithelium possess large nuclei, 
prominent Golgi apparatus and the 
secretory products in the form of granules. 
The glandular epithelium may be present 


(apocrine) only the free regions of the cells 
burst arul the products are extruded out, 
e.g. mammary glands. Some glandu- 
lar epithelium secretes through definite 
duct or tube ( exocrine glands ), while there 
are certain glandular epithelia which put 
their product directly into the blood 
stream {endocrine glands) . 

II. CONNECTIVE TISSUE. Connective 
tissues arc characterised by groups of cells 
which remain embedded in a extra- 
cellular material called matrix. Accor- 
ding to the nature of the matrix the 
connective tissues may be (A) Connective 
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tissue proper , (B) Skeletal tissue and (C) 
Vascular tissue. 

A. CONNECTIVE TISSUE PROPER. These 
tissues are concerned with binding and 
packing of different parts. 

Following tissues are included under 
this group: (a) Mucous tissue } (b) Reticular 
tissue , (c) Areolar tissue , (d) Fibrous tissue and 
(e) Adipose tissue (Fig. 5.3). 

(d) Mucous Tissue. These connective 
tissues are best seen in jelly fishes and in 
the eye of the vertebrates. It consists of 
a few branched cells and clear gelatinous 
ground substances called matrix . 


Two types of cells are seen in the matrix, 
namely fibroblasts which are responsible 
for the production of fibres and matrix cells 
for secreting the matrix. Two kinds of 
fibres are yellow elastic fibres as freely bran- 
ched network and white fibres containing 
bundles of collagen fibres. 

( d ) Fibrous Tissue. These tissues are 
entirely made up of fibres and they form 
sheath over the muscles , tendon and liga- 
ments. Tendons are responsible for con- 
necting muscles with the bones or with 
other muscles. In tendons the fibres con- 
tain collagen and are arranged in parallel 
fashion. Ligaments connect different bones 



Fig. 5.3. Different types of connective tissue proper. 


(6) Reticular Tissue. It consists of a 
dense network of reticular fibres with free 
cells. The nature of the cell varies accor- 
ding to organ. This tissue forms the 
framework of various organs like lymph 
node, bone marrow and liver. 

(c) Areolar Tissue. It serves as a 
packing layer beneath the skin and fills 
up the gaps between different organs. 
It consists of a jelly-like matrix in which 
different cells and fibres are embedded. 


and also bones with cartilages. Its fibres 
contain collagen and in Addition, another 
protein called elastin , wjfuch permits the 
stretching and recoiling. ] 

(e) Adipose Tissue. This tissue contains 
cells which are primarily responsible for 
carrying reserve fats. This layer beneath 
the skin serves as insulating layer. As a 
covering around important organs, it 
works as a cushion to protect these organs 
from mechanical injury. 
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B. SKELETAL TISSUE. Two types of 
skeletal tissues are known (a) Cartilage and 
( b ) Bone (Fig. 5.4). 



(a) Cartilage. This tissue is rigid and 
at the same time elastic. It is capable of 
enduring mechanical stress. It consists of 
a ground substance which contains a 
protein and polysaccharide mixture called 
chondrin . Within this matrix are suspended 
the cartilage cells or chondrioh lasts, which 
secrete the matrix. The cells arc enclosed 
in spaces within the matrix called lacunae 
where they multiply and remain in groups 
oi two to four. A coat of areolar tissue 
called perichondrium , surrounds the carti- 
lage. 

Depending on the nature of the matrix 
the cartilages are divided into two main 
categories: ( i ) hyaline and ( it ) elastic carti- 
lages. The hyaline cartilage has a homo- 
geneous and transparent matrix. It can be 
seen in larynx, trachea and suprascapula. 
The matrix of elastic cart ilage bears yellow 
elastic fibres (seen in epiglottis) or with 
parallel collagenous fibres (seen in bet- 
ween the vertebrae). 

(b) Bone. It is a hard connective tissue 
which is responsible for forming the skele- 
tal framework of the body. It is rigid and 
can endure great mechanical strain. Each 
bone consists of a central cavity which 
contains bone marrow . The cavity is 

4 [vol. 1 76 ] 


bounded by concentric layers called bony 
lamellae. Through the lamellae pass 
numerous smaller channels from the 
narrow cavity; these are called Haversian 
canals. These canals arc also lined by 
concentric rings of lamellae. Each lamella 
is made up of a matrix in which bone cells 
are arranged within smaller spaces called 
lacunae. The lacunae are interconnected 
by finer canalicuti. The matrix of bone is 
made up of protein fibres and mineral 
deposits like calcium phosphate, magne- 
sium carbonate and fluorides. The bone 
cells are known as osteoblasts , which are 
spider-shaped. These cells are inter- 
connected by protoplasmic processes which 
pass through canaliculi. Externally the 
bone is enclosed by a fibrous sheath called 
periosteum , which takes the blood vessels 
within the cavity of bone marrow. 

G. VASCULAR TISSUES. It includes 
blood , lymph and bone marrow (Fig. 5.5). 

(a) Blood. This tissue not only con- 
nects different parts but also performs 
certain other important functions. It has 
a liquid matrix called blood plasma in which 
arc suspended various blood corpuscles. 

(1) Blood plasma. It is a pale yellow- 
coloured liquid in which various substan- 
ces like food, waste products, hormones and 
gases remain in solution. It transports 
everything excepting oxygen in vertebrates 
and fat droplets. Within the body of inver- 
tebrate animals, the colouring pigments 
remain in the plasma, c.g. haemocyanin 
in prawn and haemoglobin in earthworm. 

(2) Blood corpuscles. Only one type of 
corpuscle is seen in the invertebrates which 
are amoeboid in nature. But in verte- 
brates several types of corpuscles are seen, 
e.g. Erythrocytes , leucocytes and Thrombo- 
cytes. These corpuscles are formed within 
the marrow. They have a limited span of 
life after which they are destroyed. 

( i) Erythrocytes. Presence of red blood 
corpuscles (RBC) is peculiar to verte- 
brates excepting some invertebrate forms, 
e.g. G lye era. Phoronis . Area, Thyone. The 
shape and size of erythrocytes differ 
in various groups of vertebrates but always 
the erythrocytes carry an iron-containing 
compound called haemoglobin . Haemoglo- 
bin is a complex molecule composed of a 
compound of iron and globulin . This com- 
pound can establish temporary affinity 
with oxygen and thus carries oxygen from 
respiratory organs to the different parts of 
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the body in the form of oxyhaemoglobin. ( ii ) Leucocytes. The leucocytes occur in 

Erythrocytes are nucleated in all the verte- much lesser number than the erythrocytes, 
brates excepting mammals, where it is non- These cells, which are also known as white 
nucleated in mature stage. They appear as blood corpuscles or WBC, may be of diff- 
oval discs in most vertebrates and appear erent types {Monocytes : giant mononuclear 



Fig. 5.5. A. Section of Rabit’s bone marrow. B. rbc of fish. C. rbc of amphibia. D. kbc of bird. 
E. rbc of mammal. F. Leucocytes. 


to bulge out in the centre due to the prese- amoeboid forms; Lymphocytes: roughly 
nee of nucleus. But in mammals (except circular with one large nucleus; Granulo- 
camels and llamas where the RBC are cytes: amoeboid with granular cytoplasm, 
oval discs like non-mammalian forms) they They are subdivided into : neutrophils , 
are more or less circular in outline. eosinophils and basophils depending on an 



Fig. 5.6. Different types of muscular tissues. The cardiac muscles constitute the heart, smooth muscles 
are present in the lining of the stomach. The skeletal or striated muscles as seen in forearm are made up 
of fibres. Each fibre includes numerous fibrils. 
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affinity for neutral, acid or basic dyes 
respectively), which not only differ in 
their structures but also in their functions. 
Their functions include removal of dead 
tissue, killing of foreign bodies and carrry- 
ing of fat globules. 

{iii) Thrombocytes. These are small, 
spindle-shaped and nucleated cells. At the 
time of blood shed, the thrombocytes 
(i thrombus , clot: cyte, cell) break down 
under the influence of tissue fluid and 
produce an enzyme which helps the 
conversion of fibrinogen into insoluble 
fibrin. Fibrin forms an entangling mesh- 
like barrier through which the blood cells 
cannot easily pass and thus causes the 
blood to clot. The coagulation of blood 
prevents excess loss of blood from die 
injured region. 

(b) Lympii. It is regarded as a modified 
tissue fluid. Generally, it is pale yellow 
in colour but after meal it becomes milky 
due to the presence of emulsified fat drop- 
lets. Lymph contains 94% water and 
nearly 6% solid particles which include 
proteins, fats, carbohydrates and other 
substances. Lymph also carries some 
wandering leucocytes. Lymph is res- 
ponsible for (1) acting as a medium bet- 
ween blood and the cells, (2) conveying 
emulsified fat droplets and (3) protecting 
cells of the body from foreign invasion 
by its leucocytes. 

(c) Bone marrow. The spaces within 
the bones arc filled up with a special type 
of vascular tissue called bone marrow. 
The bone marrow may be of two types — 
(1) Yellow bone marrow and (2) Red bone 
marrow. The yellow marrow contains 
fatty tissues and does not produce blood 
cells. In the young individuals most of 
the bones contain red marrow, but with 
the advancement of age, in most bones 
(excepting upper ends of femur and 
humerus) yellow marrows replace the 
red ones. The bone marrow serves follow- 
ing important functions — (1) Produces 
erythrocytes, leucocytes and thrombocytes, 
and (2) through special kind of reticulo- 
endothelial cells it destroys the old red 
blood cells. 

Characteristics of connective tissue: 

In strict sense the term connective tissue 
is a loose one because it includes comple- 
tely diverse types of tissues. The most 
important features about connective tis- 
sues arc — (1) they have their own blood 


supply, (2) they have the ability to be 
converted from one type to another, e.g. 
conversion of cartilage to bone. Consider- 
able amount of research work is in progress 
on the connective tissues. Whether cells 
of a particular connective tissue present in 
different organs have common affinity or 
not. Are cartilages of the knee and ear, 
alike ? Do fibroblasts present in heart and 
skeletal muscles behave in same fashion? 
These are a few of many unanswered 
questions. 

III. MUSCULAR TISSUE. A muscle 
means a pack of muscular tissue which 
is enclosed in a connective tissue called 
fasciculi , which in turn is covered by a 
sheath called perimysium. The muscular 
tissue is made up of muscle fibres which 
develop from a special type of cells called 
myoblasts. According to its structure the 
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fibres may be striated , smooth and cardiac 
(Fig. 5.6). The electron microscopy has 
revealed that each striated muscle fibril 
contains an alternate dark anisotropic or 
A band and a light isotropic or 1 band . 
Each I band exhibits central Z ^ ne aTK * 
similarly A band exhibits a central hyaline 
transverse band called H band with a 
middle deep stripe called M line . The 
region between two Z lines is known as 
sarcomere (Fig. 5.7). 

A. STRIATED MUSCLE FIBRES. These 
elongated and cylindrical muscles are also 
known as somatic or voluntary muscles. 
Each fibre is enclosed within a sheath 
called sarcolemma. Each fibre contains a 
mass of protoplasm called sarcoplasm , 
which includes numerous delicate paral- 
lelly arranged fibrils called myofibrils. In 
longitudinal section all myofibrils exhibit 
alternate dark and light segments in uni- 
form position. This gives the striated 
appearance. These fibres are present in 
all voluntary parts and are innervated by 
the branch of central nervous system. 

B. SMOOTH MUSCLE FIBRES. These are 
spindle-shaped, elongated, uninucleated 
cells without investing sarcolemma. Only 
longitudinal fibrils are present. It forms 
the walls of involuntary organs and are 
innervated by nerves from autonomic ner- 
vous system. 

G. CARDIAC MUSCLE FIBRES. These are 
modified striated muscles in which fibres 
are short and branched. The branches 
unite to form a network or syncitium. 
Each fibre contains only one nucleus. This 
type of fibre is seen only in the wall of 
heart. 

IV. NERVOUS TISSUE. This is a 
special kind of tissue which is responsible 
for receiving, transmitting and dischar- 
ging various sorts of stimuli. It is made 
up of (A) nerve cells and (B) nerve fibres 
(Fig. 5.8). 

A. NERVE CELLS. These are also known 
as neurones. Each nerve cell is a large 
spider-shaped cell having distinct nucleus 
and scattered Nissl's granules in the cyto- 
plasm. Each cell gives rise to several 
short, branched fibres called dendrites 5 and 
a large process called axon. The axon may 
be branched along its length and each 
branch terminates into several finer 


branches called end brush. The axon 
cither enters within a muscle fibre or 
unites with dendrites from other neurone. 
This union is called synapse. It was 
formerly thought that synapse involves a 
complete fusion between a fibre of axon 
and dendrite. But recent electron micro- 
scopic studies have shown that a gap 
exists between the two ends. When 
message travels from axon of one cell to 
the dendrite of another a pack of chemi- 
cal substance is released from the former 
to the latter. It is to be remembered that 
a nerve cell receives message through 
dendrites but always sends information 
through the axon. 

Nerve cells are divided into three types 
depending on the existence of number of 
fibres. They arc: 

(i) Unipolar 5 (ii) Bipolar , and (in) Multi- 
polar nerve cells. A bipolar nerve cell has one 
centripetal dendrite and one centrifugal 
axon or neurite. These types of nerve cells 
arc abundantly found in fishes. A unipolar 
nerve is formed w'hen the proximal ends 
of an axon and a dendrite emerge 
out from the cell body. A multipolar 
nerve cell has a single axon and several 
dendrites. 

B. NERVE FIBRES. A nerve fibre con- 
sists of a centrally placed axon which is 
bounded by a sheath called neurilemma . 
The neurilemma also includes special type 
of cells called Schwann cells. Some nerve 
fibres contain a fatty layer called myelin or 
medullary sheath , between neurilemma and 
axon. These fibres are called medullated 
fibres. Along its path the medullary sheath 
is constricted at different regions, these 
points are called nodes of Ranvier. Some 
fibres are without myelin sheath and are 
called non-medullated fibres , wjxich are pre- 
sent in autonomic nervousi system. The 
medullated fibres arise fromi; various parts 
of central nervous system. | 

Nervous tissue constitutes important 
organs like brain, spinal corq, etc., and are 
responsible for co-ordinating the different 
activities of the body. This is done by 
electro-chemical mechanism! within neu- 
rones. According to their Structure and 
function the three groups of neurones arc 
known as — (1) Sensory neurones — carry 
impulses from various parts of the body to 
the brain and spinal cord, (2) Association 
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Fig. 5,3. Different types of nerve cells. 

neurones -present exclusively within cell dissociation techniques and studies of 
the brain and spinal cord to form definite mixed aggregates have thrown much light 
circuits for nerve conduction and (3) on the question of cellular affinity. When 
Motor neurones — return instructions from embryonic kidney and heart cells from 

central nervous system to the different one species were mixed up they sorted out 

parts of the body. but when any one organ (heart or kidney) 

Tissue specification. The four types from two different species (mouse and 

of tissues constitute all the different organs chick embryos) were put together they do 

having different functions. Apparently not sort out. These results demonstrate 

these tissues appear to be same but detailed that whatever may be the nature of spccifi- 

examinations have established the pre- city it exists at tissue grade and not at 

sence of some amount of specificity in each species level. All these abilities to sort out 

case. In recent years, the coining up of exist only at the embryonic level and 
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completely diminish in the adult state, take part in the formation of other organ 
Regarding the problem of tissue specificity and (2) what changes happen in the adult 
two questions are yet to be answered state, which prevent the cells from sorting 
(1) whether tissues from one organ can out. 

SUMMARY 

(i) Tissue is defined as a collection of cells (iii) Each group may again be divided into 

having similar structure and function. smaller groups. 

(ii) Four main types of tissues arc seen in ani- ( iv ) The cells taking part in the formation of 

mals — epithelial, nervous, connective and muscular. tissue exhibit tissue specific affinity. 



CHAPTER 6 


Organs 

Division of labour was initiated in multicellular forms by the formation of tissues. 
Hydra is a perfect example where organisation of the body remained at tissue level 
(Fig. 6.1). But with the progress of evolution animals with complicated organisa- 



Fig. 6.1. Figure showing the transverse section of hydra, where division of labour 
exists at tissue level. But in higher forms — the tissues are organised to form 
organs, each meant for a particular function. 


tion appeared, in which for a particular function, structural and functional associa- 
tions of tissues were demanded. This gave rise to ORGANS. 


Generally organs are made up of several 
kinds of tissues. For example, (a) Stomach 
is made up of epithelial, connective 
and muscular tissues and its function 
depends upon the participation of nervous 
tissue (see Fig. 6.3A). ( b ) Eye is built up 
with epithelial, connective and nervous 
tissues ( see Fig. 6.3B). (c) Skin is formed by 
epithelial and connective tissues. ( d ) Thy- 
roid consists of inner glandular epithelial 
tissue and outer connective tissue (see Fig. 
6.3G). 

But organs may also be formed almost 
entirely of one kind of tissue. For ex- 
ample, (a) Brain and spinal cord are 
formed primarily by nervous tissue which 
arc ectodermal in origin, (b) Bones and 
cartilages are formed entirely by connec- 
tive tissues. 

In recent years, considerable informa- 
tion is available regarding the formation 
and maintenance of organs. It has been 
found that formation of organs depends 
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upon the affinity of participating cells. 
Even cells of same organ from different 
animals, i.e. chick and mouse may parti- 
cipate to form the architecture of a parti- 
cular organ. The development of “organ 
culture” techniques made it possible to 
grow many organs in vitro (Fig. 6.2) and 
thus has helped a lot to understand many 


facets of organ formation. 

It is now an old concept that organs of 
a living body cannot be replaced by a 
spare part. The better understanding of 
the functions of organs has led to the 
successful grafting or implantation of 
important organs, like cornea, kidney and 
even heart. 
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HISTOLOGICAL PECULIARITIES OF 
A FEW ORGANS ARE DISCUSSED 
BELOW: 

TONGUE. Epithelium is of stratified 
squamous type and often forms lingual 
papillae. Papillae are of three types : 

(a) Filiform — most numerous, without taste 
bud, ( b ) Fungiform — resembles a mush- 
room, with taste bud, ( c ) Circumvallete — 
largest papilla, lodged within a trench. 
Loose areolar connective tissue forms the 
core of the papillae. Taste buds contain 
two types of cells — gustatory and subtenta- 
cular. Bundles of stratified muscle fibres 
interlace in all directions. 

SPLEEN. Spleen is a lymphatic organ. 
It plays many functions — (t) destroys old 
RBC, (ii) stores excess of RBC, {Hi) manu- 
factures RBC, ( iv ) produces antibodies 
and (v) destroys harmful microbes. A sec- 
tional vie*:-/ :hows the presence of a 
connective tissue capsule which extends 
inside the gland as the trabeculae . It is 
divided into cortex and medulla. The medulla 
contains white pulp (rounded aggregations of 
splenic corpuscles) and red pulp (rest of the 
portion with red texture due to the pre- 
sence of RBC) . 

PANCREAS. Mixed type of gland con- 
sisting of two altogether different glandu- 
lar entities: ( a ) Multiple alveolar type {Exo- 
crine): Each alveolus is walled by trun- 
cated pyramidal cells. Nuclei in these 
cells are situated towards the basal mem- 
brane. The alveolar cells have zymogen 
granules and deeply stained basophilic 
bodies towards the basement membrane. 
Presence of some flattened cells in the 
lumen of alveolus (centro-acinar cells) 
is the characteristic of pancreatic alveolus. 

(b) Islets of Langerhans ( Endocrine ) : Islets 
include three types of cells, a (alpha), p 
(beta) and Y (gamma) cells. The gamma 
cells arc regarded to be the precursors of 
a (alpha) and p (beta) cells. In human 
islets a fourth type of cell — the 8 (delta) 
cells have been described. The p cells 
produce the hormone — Insulin. This fact 
is experimentally attested by causing 
Alloxan diabetes (treatment of Alloxan, a 
derivative of Urea, which causes degenera- 
tion of p cells). The islets are special areas 
in between the pancreatic acini and con- 
sist of irregular clumps of cells, capillaries 


and reticular tissue. Islets are not en- 
capsulated but remain separated by reti- 
cular fibres. 

LUNG. It is formed by round, trans- 
parent and irregular air cells or alveoli. 
Each alveolus is lined by large irregular 
and flattened squamous epithelial cells. 
Desquamated dust cells may be seen. 
Bronchioles and lymphoid tissue may be 
present. 

KIDNEY. It is formed of an outer 
cortex and an inner medulla. Cortex is ex- 
ternally covered by a fibromuscular cap- 
sule. 

{a) Cortex: It shows ( i ) Tuft of blood 
vessel forming thousands of Renal corpuscles 
or Malpighian corpuscles encircling network 
of blood vessels — the glomerulus and 

(ii) excretory canals. 

(b) Medulla: The medulla includes uri- 
niferous tubules and connective tissues. The 
structure of epithelial cells varies in the 
different length of the tubules flattened 
(at the capsule), granulated cubical (con- 
voluted tubule) and non-granulated cubi- 
cal (collecting tubule). 

ADRENAL. Adrenal or suprarenal is 
an endocrine gland situated above each 
kidney. A sectional view reveals the pre- 
sence of an outer cortex and an inner 
medulla. The cortex is encapasulated by a 
connective tissue capsule. The cortex is 
subdivided into three zones, viz. (i) Zona 
glomerulosa , {ii) Z ona fasciculata and 

(iii) Z ona reticularis. The cortex produces 
a hormone called the cor tin. The medulla 
is composed of chromaffin cells which secrete 
a hormone named the adrenalin . 

TESTIS. Tunica albugenia and vasculosa 
form the outer capsule of the testis. Ger- 
minal epithelium surrounds the semini- 
ferous tubules. Each tubule contains a 
basement membrane on which are ar- 
ranged from periphery to the lumen : 
(1) Spermatogonia — cubical cells with oval 
and compact nuclei, ^(2) Spermatocytes — 
large cells with dividing nucleus, (3) Sperma- 
tids — small, simple cells with round nuclei, 
and (4) Spermatozoa — elongated cells in the 
lumen. Associated with the germinal epi- 
thelium are the Sertoli cells which arc tall 
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and irregular in outline. These cells ex- 
tend from the basement membrane to the 
lumen. Interstitial or Ley dig cells occur in 
the angular spaces between seminiferous 
tubules. 

OVARY. The outer germinal epithelium 
is columnar or cuboidal. Inner stroma or 
fibrous layer is divisible into a peripheral 
part and central part. Immature Graafian 
follicles are present in the peripheral 
stroma as large spherical cells with promi- 
nent round nuclei. Mature follicles re- 
main embedded within the central part 
of the stroma. The corpus luternn as a mass 
of yellowish stained tissue and vascular 
fibrous tissue is present. 

The structure of a mature Graafian 
follicle: (a) Theca folliciili , ( b ) Membrana 
propria , ( c ) Membrana granulosa , (d) Discus 
proligerous, (e) fyna pellucida , (f) Vitelline 
membrane containing vitellus and (g) Ger- 
minal vesicle containing the germinal spot. 

ARTERY. Presence of three distinct 
coats. The outer coat ( tunica adventitia) is 
composed of connective tissue having 
numerous elastic fibres. The middle coat 
{ tunica media) is thick and made up of 
network of elastic fibres and circularly 
arranged plain muscle fibres. The inner- 
most coat ( tunica intima) contains highly 
refractile and elastic membrane of Henle , 
sub endothelial layer and endothelial layer . 

VEIN. The three coats are not so 
marked as in artery. The outer coat is well 
developed. Instead of muscular and clastic 
tissues, there are white fibrous tissues in the 
middle coat. In the inner coat the endo- 
thelial cells are elongated and refractile 
membrane of Henle is usually absent. 

THYROID. From the outer fibrous 
tissue layer arise the trabeculae. There is 
presence of numerous alveoli which are 
either spherical or oval. Each alveolus has 
a lining of cubical epithelium and contains 
colloidal material in its lumen. Some 
alveoli may be empty (Fig. 6.3C). 

LIVER. Units of liver are liver lobules. 
Each lobule is surrounded by connective 
tissue materials containing collagen. A 


particular lobule is composed of poly- 
hedral cells (often binucleate) radiating 
from a central canal — the hepatic vein. 

Associated with one liver lobule, a 
portal canal occurs which is composed of 
a trinity of: (a) Portal artery , ( b ) Portal vein , 
and (c) Bile duct. All these are surrounded 
by connective tissue materials forming 
Glisson's capsule . 

GASTRO-INTESTINAL TRACT. The wall 
is composed of four principal layers: 
(i) Tunica adventitia or serosa, (ii) Tunica 
muscular is, (in) Tunica submucosae and 
(iv) Tunica mucosae . The serosa is made up 
of loose connective tissue. The tunica 
muscularis has smooth muscles oriented in 
circular and longitudinal fashion. The 
tunica submucosae consists of collagenous 
fibres with blood vessels and plexuses 
[Meissner's plexus) of autonomic nerve 
fibres. The tunica mucosae has three com- 
ponents: surface epithelium, lamina pro- 
paria and muscularis mucosae. 

STOMACH. In addition to these typical 
features, the mucous membrane is rela- 
tively thick with numerous- small simple 
tubular cardiac glands (Fig. 6.3A). There 
is no gland in submucosa except the 
pyloric part. The muscularis layer has, in 
addition to circular and longitudinal mus- 
cles, obliquely disposed muscles. The 
mucous membrane comprises of surface 
epithelium, parietal or oxyntic cells, 
mucous neck cells and zymogenic cells. 

SMALL INTESTINE. Like all other 
portions of the gastro-intcstinal tract, the 
small intestine also contains usual four 
coats from outside inward, namely, serous 
coat , muscle layer , sabmucosa jand mucosa. 
The peculiarities are chiefly ! confined to 
the mucous or the innermost'! layer. They 
are : the mucous membrane, l|ied by colu- 
mnar epithelium, is thrown into finger-like 
projections called villi; Lymphoid no- 
dules, called * Peyer's patches' bccur in the 
mucous membrane; presence of few gob- 
let cells in the epithelium of the villi. 

The peculiarities of the different 
regions of the gastro-intestinal tract is 
given in Table 3, 
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Table 3 

Comparative histological picture of the different regions of the 

alimentary canal 


Points 

Oesophagus 

i 

Stomach 

Small Large 

INTESTINE INTESTINE 

Surface 

epithelium 

Striated-squa- 
mous. Becomes 
keratinised in 
some mam- 

mals. Thrown 
into longitudi- 
nal folds. 

Simple- Simple- ; Simple- 

columnar. columnar. columnar. Be- 

j i comes strati- 

fied squamous 
towards recto- 
anal junction. 

i ; 

Lamina 

propria 

Collagen fibres 
are abundant. 
Papillae are 

present. Glands 
are few. 

Loose conncc- 1 
tive tissues 
with closely- 
packed 
glands. 

Projects into Thicker- 
villi which numerous 

contain cha- tubular glands 

racteristic and large 

capillary lymph nodules, 

bed . Some 

smooth mus- 
cle fibres and 
glands. 

Lymph; 
nodules ag- 
gregated as 

Peyer ’s ; 
patches in j 

ileum. j 

Muscularis 

mucosa 

Thick - muscle 
fibres are ori- 
ented longi- 

tudinally. 

Two layers — 
thin, outer is 
composed of 
longitudinal 
and inner 

with circular 
muscles. 

Two layers — 
thin. 

Not well-mark- 
ed, may be ab- 
sent at places. 

Villi 

Absent, but 
longitudinal 
folds are pre- 
sent. 

Absent. 

Present. 

Absent. 

Lymphatic ! 

tissue 

Sparse. 

Rich. 

Rich. 

Rich. 

Submucosa 

Contains mu- 
cous glands. 

Form rugae 
(large folds). 

Raised into 
folds called 
plicae circu- 
lar es. Glands 
of Brunner' 
are present 
in duode- 

num. 

No. plicae. 
Lymph nodules 
project into 

the submucosa. 
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Table 3 (contd.) 



SUMMARY 

The organ is collection of one or more tissues. generally repaired automatically. In recent years, 
In higher forms the organs are built up in more it has been possible to grow organs in vitro and at 
complicated way. The wear and tear of organ is the same time it is feasible to transfer them. 








CHAPTER 7 

System * 

Under experimental conditions the organs can live and grow outside the body, 
but their proper functioning depends upon the participation of several organs to do a 
specific vital activity. This participation of several organs constitutes a particular 
system. The co-ordination between organs of different systems can only build up 
the ‘internal milieu’, which is essential for the existence of a particular organism. 
Figure 7.1 illustrates an example of physical activity, which involves co-ordination of 
different systems like skeletal, muscular and nervous. 



7.1. An example of perfect co-ordination 


In the multicellular forms above the 
eoelenterates, several organs take part to 
form a system for particular function. 
In a higher organism following systems 
(Fig. 7.2) are seen. 

I. INTEGUMENTARY SYSTEM. The 

organ involved in this system is skin and 
its various derivatives, i.e. hairs, scales, 
feathers, nails, horns and hooves. The 
primary function of skin is protection , but it 
performs several other functions. 

II. MUSCULAR SYSTEM. This is pro- 
bably the largest system in an animal body 
which includes muscles. It is concerned 
with movement, which includes locomo- 
tion of the individual and also the move- 
ment of different organs, e.g. heart, 


alimentary canal. The muscles are made 
up of muscular tissues and connective 
tissues. 

III. SKELETAL SYSTEM. It is com- 
posed of skeleton. When skeleton is 
present outside the body it is called 
exoskeleton , e.g. coverings of prawn, insec's, 
molluscs or scale*, nails and claws in 
vertebrates. Among the invertebrates the 
exoskeleton is built up of chitin, calcium, 
etc. This is periodically replaced by 
a process called moulting. Among the 
vertebrates the skeleton,, is internal and 
called endoskeleton. It includes bones, 
cartilages and ligaments. In contrary to 
exoskelcton this is living, i.e. provided with 
blood supply and nerves. This system 
constitutes the framework and support of 
61 
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Fig. 7.2. Nine essential services in human body. (1) Integumentary system as external lining. 
(2) Muscular system for movement. (3) Skeletal system for support and rigidity. (4) Alimentary system 
tor nutrition. (5) Circulatory system for transport. (G) Respiratory system for the supply of oxygen 
and removal of carbon dioxide (7) Nervous system for co-ordination. (8) Excretory system for removing 
excess and metabolic wastes and water. (9) Endocrine system for chemical regulation. 
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the individual, Exoskcleton has got no- 
thing in common with endoskeleton except 
its hardness. 

IV. DIGESTIVE SYSTEM. It is res- 
ponsible for nutrition. Different organs 
included within this system are teeth, 
tongue, oesophagus, stomach, intestine, 
liver and pancreas. They work to take in 
food (ingestion), to break the complex 
organic molecules into simpler forms 
(digestion) and to reject excrementitious 
products (egestion). 

V. RESPIRATORY SYSTEM. This sys- 
tem in one hand ensures the require- 
ment of oxygen in tissues and on the other 
works to evacuate the carbon dioxide from 
the tissues. In different animals the organs 


is done by circulatory system which in- 
cludes (A) two sets of circulatory fluids — 
blood and lymph, (B) vessels for the flow 
of these fluids, and (G) pumping organ 
called the heart. In invertebrates the cir- 
culating fluid comes out of the vessels to 
bathe the tissue space but within verte- 
brate body blood flows through a closed 
system of vessels. The circulation in the 
former group is of open type and in the 
latter group it is called the closed type of 
circulation. This system not only works 
as porters of the living body but are 
engaged in defence against foreign 
invasions. 

VIII. REPRODUCTIVE SYSTEM. Re- 
production or multiplication by self- 
duplication is an important feature of 




Fig. 7.3. Reproductive system of a Man a *'d a Woman. 


of respiration differ and following organs 
are generally found to carry the function 
of respiration : — gills, trachea, lungs, skin 
and lining of the buccal cavity. 

VI. EXCRETORY SYSTEM. Meta- 
bolic activities produce waste products. 
These substances (which are chiefly nitro- 
genous) together with excess of water are 
removed from the body by excretory 
system. Within invertebrates the excretory 
organs are nephridia, green glands, coxal 
glands, Malphigian tubules. The excre- 
tory organs in vertebrates are known as 
kidneys. 

VII. CIRCULATORY SYSTEM. For 

co-ordination, the important requisite is 
contact between different systems. This 


living body. In the multicellular animals 
organs carrying out this function are 
known as ovary (in females) and testis 
(in males). These organs form specialised 
cells which pass out through definite tracts. 
All animals possess specialised structures 
to assist in bringing these two types of cells 
closer. Certain glands arc often seen to 
be associated with this system to help in 
the process of reproduction. 

IX. NERVOUS SYSTEM. It is made 
up of a special kind of tissue, namely the 
nervous tissue. It has the same develop- 
mental origin as epidermis. Important 
organs, like brain and spinal cord perform 
the functions of response to stimuli and 
co-ordination of different parts of the body. 
These organs are assisted by different 
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peripheral and sympathetic nerves and 
many organs like eye, ear, tongue, nose 
and skin work as ports of entry for diffe- 
rent stimuli. 

X. ENDOCRINE SYSTEM. It includes 
certain glands, c.g. Thyroid, Parathyroid, 
Pituitary, Adrenal, Thymus, Islets of 
Langerhans, etc., which pour their secre- 
tion directly within blood. The secretion 
is known as hormone , which acts in a 


magic way and takes part in the chemi- 
cal control of the body. A particular 
hormone is of same chemical nature in 
different groups of animals. Only a 
specific quantity of hormone is required 
for the proper maintenance of the 
body. Any deviation in quantity upsets 
the chemical control of the body and 
creates abnormality through metabolic 
disbalance. 


SUMMARY 

Several organs take part to form a system which tem and the work of all the systems together are 

is responsible for mainly one function. These diff- expressed as the activity of an individual, 

erent systems arc co-ordinated by the nervous sys- 



PART THREE 


DIVERSE MANIFESTATIONS OF LIFE 
THROUGH ANIMALS 


A visit to the zoo instantly reflects the diversity in the animal world. We 
love to sec the graceful elephant, elegant giraffe and striped zebra. We do 
appreciate a roaring lion, a dancing peacock, a jeering monkey and a moving 
;urtle. There are many more to mention, but still the zoo is a limited man 
made home for diverse animals collected from different parts of the world. 

A glimpse of Nature’s yard will flash the marvel and the extent of 
diversity. Animals, from the size of microscopic specks to giant forms, inhabit 
he earth and occupy all possible environments. 

More than a million types of animals are known to man. It is not possible 
,o study all of them within the limit of a book. For this reason, this part is 
ievoted to discuss some examples of animals to understand the extent of diverse 
nanifestations of life. 
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CHAPTER 8 

Inventory of Animals 

In a library or a departmental store, you must have noticed that all the articles 
are orderly arranged. This order helps in finding out the right thing in right place. 
It expedites the work and avoids confusion. Such orderly arrangement is classi- 
fication and its purpose is to create an order in disorder. The classification is essen- 
tial to handle various items of diverse kinds. And same is true about living organisms. 

We find that there are innumerable animals and no two individuals (excepting 
the identical twins) are exactly alike. It is not possible in one’s lifetime to examine 
all of them. For this reason it is felt to group the animals (Fig. 8.1). 





Fig. 8.1. Classification of ten different birds. Note that the classification 
in one hand indicates interrelationship and at the same time their origin. 


The branch of Biology which deals with 
the grouping of animals is termed as 
taxonomy or classification or sysfemalies. Taxo- 
nomists or the persons specialised in 
making the inventory, started it as a rout- 
ine clerical work, but recent approach to 
the science of Biology has added a new 
dimension to the science of classification 
and the new systematics has emerged out 
as a synthesis of progress in all the major 
disciplines of Biology. 

TAXONOMIC CRITERIA 

In a library, books arc arranged accord- 
ing to the subjects or according to the 
authors. Here the books are the units , 


which are first of all recognised and 
defined before grouping. In the organic 
world a living organism is die unit and the 
essential prerequisite in taxonomy is 
correct recognition and definition of these 
1 nits. This can only be done through 
careful study of individuals. The process 
of taxonomy thus involves two distinct 
steps (1) correct definition and recognition 
of the unit and their relationships and (2) 
application of suitable designations to the 
units and to different groups which include 
them. The former is called classification 
which includes study of characters and 
grouping of individuals, while the latter is 
termed as nomenclature or naming . 
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Fig. 8.2. For the convenience of study, the animal body is divided into a number of regions-dorsal 
(usually the part which is away from the ground), ventral (usually the part towards the ground), 
lateral (two sides of the body), anterior (the end which usually moves forward during movement 
and bears mouth) and posterior (the end opposite to anterior). The entire body may also be divided 
into three planes, transverse, frontal and sagittal. 
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Search of characters and 

THE GUIDING PRINCIPLES 

Each and every individual has certain 
characters of its own. These characters 
are expressed through shape, size, sym- 
metry, segmentation, appendages, skele- 
ton, sex, embryonic development and 
larval form. Figures 8.2 and 8.3 explain 
the basic plan which is followed in studying 
the characters of animals. 



Fig. 8.3. Symmetry means the plan of arrange- 
ment of the constituent parts of the body. In some 
animals the arrangement is such that the organism 
is divisible into similar halves through one plane 
only, this is called Bilateral symmetry (A). But in 
some other animals it is possible to get two similar 
halves by any one of many vertical planes passing 
through centre. This is radial symmetry (B). 

All individuals possess some characters 
absolutely of their own and there are in- 
stances when individuals often resemble 
some more closely than others. The 
structures which have similar develop- 
mental origin are called homologous 
structures. And the structures which have 
different developmental origin but show 
functional similarities are called analogous 
structures. The forelimb of man and 
pectoral fin of fish are homologous struc- 
tures though they have no apparent simi- 
larity. But wings of birds and wings of 
insects are analogous structures because 
in spite of functional similaritv they have 
separate developmental origin. It is to be 
remembered that homologous structures 
may have functional dissimilarities but 
analogous structures never possess common 


developmental origin. Basing on the pre- 
sence of homologous and analogous charac- 
ters the Zoologists attempted to group the 
animals and in doing that they are guided 
by two principles : 

(1) Animals possessing many homolo- 
gous structures owe their similarities to 
a common ancestor. 

(2) Such variant groups which agree 
with one another in some features are re- 
lated to one another. 

HISTORICAL ASPECT OF ANIMAL 
CLASSIFICATION 

The attempt to classify animals dates 
back to 384 322 B.G. At that time Aris- 
totle put forward a scheme of classification 
of animals on the basis of some common 
characteristics. He divided the animal 
kingdom into two major divisions: 

I. ANAIMA. This group included all the 
invertebrates and is characterised by the 
lack of red blood . As examples of this group 
the sponges, coelcnterates, arthropods, 
molluscs were put forward. 

II. ENAIMA. This group included the 
vertebrates, having red blood. The Enaima 
was again subdivided into two categories : 

A. Oviparous. It included the egg-laying 
vertebrates, e.g. the fishes, amphibians, 
reptiles and birds. 

B. Viviparous. This group oil the other 
hand included the vertebrates where the 
youngs are born alive, e.g. the mammals. 

John Ray (1627-1705) was the first 
naturalist to give the modern concept of 
species and tried to classify the animals. 
Linnaeus (1707-1778) introduced a com- 
plete biological system of naming and 
classification of animals. Linnaeus divided 
the animal kingdom into several classes: 
Mammalia, Avcs, Amphibia. Pisces, 
Insecta and Verinis. The class Vermis 
includes all invertebrates except the insects 
and is divided into the following orders: 
lutes rm, Afollusca, Test ace a, Lithophyta and 
fyophyta. Other scientists like Cuvier ( 1 769- 
1832), Lamarck ( 1 744- 1829), Leuckart 
( 1 82 3-1 898) , Haeckel ( 1 834-19 1 9) , 
Ray Lankestar (1847-1929) threw much 
light to find out a general principle in bio- 
logical classification and contributed much 
to the science of taxonomy. Both Cuvier 
and Lamarck distinctly separated the 
invertebrates and vertebrates. Lamarck 
divided the invertebrates into: Mollusca, 
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Cirripedia, Annelida y Crustacea , Insecta, Arach - 
nida, Vermes y Radiata, Polypes and Infusoria . 
But Cuvier classified the invertebrates 
into: Mollusca (including brachiopods and 
barnacles), Articulata (including annelids 
and arthropods) and Radiata or fyophyta 
(including rest of the invertebrates). 
Leuckart’s contribution on systematic zoo- 
logy is noteworthy. He recognised the 
phyla, Protozoa y Coelenterata (sponges are in- 
cluded), Echinodermata , Vermes , Arthropoda y 
Mollusca (Tunicates are included) and Verte- 
brata . The defects of the above systems were 
rectified by Carl Vogt (1851). He classified 
the Vermes into Annelida , Rotatoria , Platy - 
elmia and Nematelmia. Gagenbaur (1859) 
changed the names of the last two groups 
to Platyhelminthes and Ncmathelminthes res- 
pectively. Of the various taxonomical 
names, Protostomia and Dcuterostomia have 
been extensively used by many taxono- 
mists. The Bilateralia is divided into: 
Protostomia (Blastopore becomes the mouth) 
and Deuterostomia (Mouth is a new forma- 
tion). But such groupings are not regarded 
as the true taxonomic divisions. 

THE SYSTEM OF CLASSIFICATION 
AS DONE BY LINNAEUS 

In order to place the known organisms 
in their proper systematic status Linnaeus 
employed certain primary categories, viz. 
Kingdom , Phylum , Class, Order , Family , Genus 
and Species. In addition to those ranks, 
certain intermediate categories like Sub- 
phylum, Subclass , Superorder , Suborder and 
Subfamily were created to meet the specific 
needs. Linnaeus first placed closely re- 
sembling organisms in a species then 
similar species under a genus and several 
genera under a family and so on. The 
taxonomists, before Linnaeus, were engag- 
ed in classifying animals only for the 
sake of identification. It is Linnaeus who, 
for the first time, suggested a scheme to 
establish kinship amongst different mem- 
bers. 

SYSTEM OF CLASSIFICATION— 

THE MODERN APPROACH 

Linnaeus and his followers believed that 
species never change. The system of 
classification followed by them is an artifi- 
cial system . While defining a species only 
the morphological characters were consi- 
dered by them. But in recent years, the 
approach of biology has radically changed, 
yoday, while ascribing characters, physio- 


logical, genetic, ecological and phylo- 
genetic points are taken into considera- 
tion. These new insights have moulded 
the idea of species. Dobzhansky (1937) has 
defined the species as a group of individuals 
which while passing through the ordeal of 
evolution has been physiologically and 
genetically incompatible of inbreeding with 
other group of individuals. Mayr (1947) 
called a species as a group of inbreeding 
individuals which are separated from other 
groups from the point of view of repro- 
duction. Simpson (1961) viewed species 
as “a lineage evolving separately from 
others and with its own evolutionary role 
and tendencies.” 

The most important finding has come 
from the studies of genetics. It is known 
that all the morphological, physiologi- 
cal and ecological characters arc based 
on genes which are present over the 
chromosomes. 

The difference between one species and 
another, rests on the genetic make-up. 
In certain cases, e.g. butterfly, it lias been 
recorded that individuals having similar 
chromosomal make up (i.e. members of 
the same species), exhibit differences in 
morphological features. Such variations 
within the same species arc. now considered 
as infraspecies. It is propounded that the 
expression of characters of a particular 
species is not due to a definite set of genes 
in one individual but a collective gene pool 
of all the inbreeding individuals. The 
species today is thus regarded as “the 
sum of all its variations”. 

With the new concept of species in mind 
modern taxonomists want to establish a 
natural system of classification . The goal of 
which is (1) to establish correct inter- 
relationship amongst the existing forms 
(horizontal classification) and (2) to find 
out the relationship of existing forms 
with their ancestral forms (Vertical classi- 
fication) . | 

This has made the task |nore compli- 
cated. Two factors — difficulty in the proper 
assessment of characters and nonavailability of 
suitable fossil materials, arc acting as hin- 
drances to complete the classification. 
For this reason in various instances (c.g. 
insect) morphological features and phylo- 
genetic speculations are still used, which 
has resulted into the coming of a mixed 
system of classification. The mixture is 
between natural system and artificial system . 
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NOMENCLATURE OR NAMING 
OF ANIMALS 

Names are given to all animals. The 
name of a particular animal differs in 
different languages. Even within the same 
country one animal is known in different 
names in different regions. To avoid this 
intricacy of names, it was proposed to 
give them a scientific name . Such scientific 
names are latinised words given as per 
the International Code of Zoological 
Nomenclature. 

A particular organism is given a generic 
name and a specific name . The name of 
genus indicates what kind of animal and 
the name of species denotes what exact 
kind it is. Such paired naming is greatly 
emphasised in the Linnaean system and 
this system is called the Binomial Nomen- 
clature. For example, the biological name 
of the domestic cat is Felis domestica. The 
generic name of the organism is a noun 
and starts wi.;V r*. capital letter while the 
specific name is an adjective and is written 
in small letters (of course, there are excep- 
tions). The generic name is a common 
noun and instead of one individual it 
means an entire group. As they are written 
in Latin the generic as well as the specific 
names are italicised in print and are under- 
lined while writing. Sometimes it becomes 
imperative to recognise subspecies or 
varieties within a species and is given a 
third specific name. Such system of 
naming is known as the Trinomial Nomen- 
clature. The scientific name of the lion is 
Panlhera leo (Linn.). The same species of 
the specimen collected in different coun- 
tries show minor differences from the ori- 
ginal form. So a third subspecific name 
becomes necessary in many cases. The 
scientific name of the Indian lion is desig- 
nated as Panthera leo per sica (Linn.). After 
the specific name the name of the author, 
who first identified the particular species, 
is given in an abbreviated form. 

The adoption of latinised names for the 
organisms and the scheme of classification 
according to hierarchy are the two main 
themes of the classificatory secret of 
Linnaeus. The selection of Latin as the 
language of nomenclature is quite reaso- 
nable because it remains unchanged 
through generations and is not subjected 
to grammatical changes as it happens in 
other vernacular languages. 

The need for a code to give a scientific 


name to every species was first realised by 
British Association of Advancement of 
Science in 1842, when a set of rules were 
framed by it. This was also felt by 
similar learned bodies of countries like 
USA, France and Germany and they 
developed codes for their respective 
countries. 

In 1889, at the International Congress 
of Zoology in Paris, discussions were made 
to find out some common code of nomen- 
clature. First version of the code was 
adopted in the 5th International Congress 
of Zoology in Berlin. In the session of the 
same congress in 1958 the codes were re- 
written and published in 1961. This code 
is concerned only up to the naming of 
superfamily. 

The naming of an animal is governed 
by the International Rules of Zoological 
Nomenclature. There are many rules 
concerning the Zoological Nomenclature. 
Of the rules, some important ones are 
cited below : 

( 1 ) The generic name of a plant and an 
animal may be same, but this system is to 
be avoided as far as possible. 

(2) The name of a species is to be 
binomial and a subspecies to be trinomial. 

(3) The scientific names of animals or 
plants must consist of Latinised words. 

(4) The generic name must be a single 
word and should be written with an initial 
capital letter. It must be used as a nomina- 
tive singular. 

(5) The specific name of an animal or 
plant must be written with an initial 
small letter excepting the cases where the 
specific name is derived from the name of 
a person. 

(6) The specific names must be adjec- 
tives agreeing grammatically with the 
generic name of the organism. 

(7) When there is a subspecies, the 
ubspccific name must be put immediately 

after the specific name. There should not 
be an interposition of any mark of punc- 
tuation between the specific and sub- 
specific names. 

(8) The original spelling of a name must 
be retained unless there is any evident 
error. 

(9) The person who first publishes the 
name of an animal or plant, is the author 
of a scientific name. 
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(10) The application of the law of 
priority will start with 1758, the year of 
publication of Linnaeus 3 Systema Naturae 
(10th edition). 

(11) A generic or specific name, once 
published, cannot be changed or rejected. 
The generic or specific name, however, 
may be rejected if it has been used pre- 
viously for some other animal. 

UNDERLYING PRINCIPLES IN 
THE CODE 

A. Priority. Any name given to a 
species or genus for the first time will be 
accepted provided : 

1. The author himself is fully satisfied 
about his own intention, 

2. The author has followed the system of 
Linnean binomial nomenclature. 

3. The author has published his conten- 
tion in a scientific book or journal which 
has been properly printed and widely 
circulated. 

B. Homonymy. The word given as 
name in one context must not be used again 
in naming another species or genus. 

G- Type. One specimen must bo select- 
ed by the author as Holotype before giving 
the name of a species. Other individuals 
belonging to this species become Paratype. 
This is applicable in naming a genus or a 
family. Each new genus must have a # type 
species, each family with a type genus. 

WHY CLASSIFICATION? WHY 
NAMING? 

Animals bother neither about their 
position in the animal kingdom nor 
they care for any ornamental name. Why 
then classification and naming are consi- 
dered to be so important? Surely it is not 
to bewilder the beginners of Biology with 
high sounding names. What is then their 
purpose ? 

As mentioned earlier, there are millions 
of animals. It is not possible to study 
each and every one of them. Thus a 
scientist examining the pancreatic enzy- 
mes in dog cannot go on killing each and 
every dog in his way to verify his results. 
The orderly system of grouping helps, him 
to understand the particular mechanism 
operating in any one group by examining 
a few representatives. Moreover, the bio- 
logists want to understand the interrela- 
tionship among diverse organisms. For 


this reason all the students of comparative 
biology, i.e. comparative anatomy, com- 
parative biochemistry, enter into the do- 
main of systematics which is essentially the 
study of convergence. 

The names of animals differ from one 
language to the other and often a common 
name covers several types of forms. For 
example, if one scientist after observing 
the behaviour of crane at a particular 
corner of the globe writes “such and such 
behaviour was found in cranes 33 , it does 
not mean anything to others. There 
are several types of cranes throughout the 
world. Anyone who has not seen that 
particular crane w 7 ill not be able to repeat 
the observations and no one will be able 
to utilise the experience. Thus the use of 
common name in science simply creates 
confusion. The use of internationally 
accepted scientific names is the only pres- 
cription to overcome this difficulty. 

CLASSIFICATION OF ANIMALS 

The classificatory scheme of an imals can- 
not be absolute and up-to-date, because 
every day new species arc coining to our 
knowledge and adding fresh complications 
to the existing scheme. It is really impos- 
sible to get a thorough idea of all the 
varieties of animals present on the earth. 
Still, it is expected that the students of the 
subject could know r at least the charac- 
teristics of major groups. The animals are 
usually included in eleven major phyla 
(sing, phylum ), each presenting a w r cll- 
marked and readily recognisable anato- 
mical character. Inclusion of certain 
peculiar animals raises doubt and diffi- 
culties, because they possess an admixture 
of diagnostic features of two or more 
different phyla. Such an admixture of 
characters really makes their systematic 
position quite uncertain and controversial. 
A brief survey of the aniinal kingdom is 
given below. The detailed account of the 
diagnostic characteristics t>f each phylum 
and their division into respective classes, 
orders, etc., arc dealt inf greater details 
while describing the plfyla separately. 
Some minor and controversial groups of 
animals are omitted to make the descrip- 
tion simplified. 

All animals are included under the 
Animal Kingdom . The animal kingdom is 
again divided into two unequal sub- 
kingdoms, unicellular animals and the 
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multicellular animals. The unicellular ani- 
mals are included under the subkingdom, 
Protozoa and the multicellular animals 
under the subkingdom, Metazoa. It is 
believed that life at an early stage was 
present only at unicellular level. The origin 
of multicellularity arose from some uni- 
cellular stock. The animals called sponges 
have many cells in their body, but arc 
not regarded to be in the direct line of 


multicellular ancestry by many Zoologists. 
Some authorities have placed them in a 
separate subkingdom called Parazoa. 

Unicellular Animals (30,000 species ap- 
proximately). 

The unicellular animals (body made-up 
of a single cell only) arc included in the 
Phylum Protozoa (Gr. protos- first and # 
zoon - animal). This phylum is again 



Fig. 8.4. Representatives of Phylum Protozoa. Note the variety of forms in the Phylum Protozoa (after 
fctyinan). A.Euglypha. B. Ckiiomonas. C. Cmiiium. D. Zoothamnium. E. Pandorina. F. Sector him. G. Plagiopyla, 
H. Gregarina . I Aocliluca. J. Myxidium . K. Sarcocystis. L. Nyctotherus (not drawn up to scale). 
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subdivided into several classes and orders. 
The plylum includes free living forms as 
well as forms which live in association with 
others. This phylum includes certain not- 
able parasites causing different diseases 
to human beings like Malaria, Sleeping 
sickness, Kala-azar, Amoebiosis,ctc./1/W0tfftfl, 
Euglypha , Paramoecium , Nyctolherus , Euglena , 
Chilomonas, Noctiluca , Monocystis , Plasmodium 


and Trypanosoma , arc some of the very 
common examples of the phylum protozoa 
(Fig. 8.4). 

Multicellular animals. The multi- 
cellular animals are also referred to as the 
metazoa {meta— after and * 0011 —animal). 
This group constitutes an informal divi- 
sion of the animal kingdom and this group 



Fig. 8.5. A few examples of Phylum Porifcra (after Hyman). A. LeucosoUnia B. Osearella. G. Hyalonema. 
D. Granitlla (A part removed to show inner radiating appearance). E. Poterion (Neptune’s goblet). 
F, Euplectella (Venus’s flower basket). G. Microciona. H. Spongilla (Fresh water sponge). I. Haliclona. 
J. Halkhondria (not drawn up to scale). 
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has no taxonomic status. The inclusion of 
sponges under this category raises strong 
doubt because some authorities are of the 
opinion that the sponges are not to be re- 
garded as true metazoa. They are re- 
garded as parazoa and are considered as a 
blind offshoot in the pathway of meta- 
zoan origin. Multicellular animals are 
divided into the following phyla: 


Phylum Porifera (5,000 species approxi- 
mately) 

The name of the phylum has been 
derived from Latin words and all the spon- 
ges are included in the Phylum Porifera 
(L. portis — pore and ferre- to bear) as the 
body of the sponges is perforated by pores. 
The organisation of sponges presents a level 
of rnulticcllularity, where cells are not 



FiR 8.6. A few members of the Phyla Cnidaria and Ctenophora (after Hyman) A Protohydra B Prqya. 
Q. Milleitora. D. Stylaster. E. Telesio, F. Gorgonia . G. Clytia . H. Cenanthus. I. 6 lavulana. J. Plewrobrachta. 
K. Acropora . L, Anthomastus. M. Nausithoe , (Figures drawn not up to scale.) 



76 


felOtOGY OF AfolMAtS 


organised in definite layers. Even in such 
simplified state the sponges show certain 
specialised organisation like canal systems, 
spicules and gemmules. The skeletal ele- 
ments are present either in the form of 
spongin fibres or in the form of spicules. 
Figure 8.5 shows some members of the 
phylum. 

Phylum Cnidaria (10,000 species approxi- 
mately) 


In these metazoan forms, the cells are 
arranged in two layers, ectoderm and endo - 
derm which are separated by a non-cellular 
strip — mesoglea. For this reason they are 
called diploblastic animals. In these two 
layers the different cells are assigned 
different functions. The physiological 
division of labour at cellular level com- 
mences from the Cnidarians. These ani- 
mals possess single opening called the 
mouth which leads into a cavity called the 



Fig. 8.7. Representatives of Phylum Platyhelminthes (not drawn up to scale). A. Convolute . B. Plagiostomum . 
G . Notoplana. D. Amphilina . E. Phyllobothrium. F. Dugesia G. Echinococcus . H. Stenostomum. I. Schistosoma. 
J. AspidogasUr. K. Gyrocotyle. L. Sphyranura. 
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coelenteron (Gr. Koilos = hollow and enteron 
==an intestine). A special kind of cell type 
called cnidoblast is present which contains 
a stinging apparatus called nematocyst. 
The central position of mouth makes it 
possible to divide it longitudinally into 
identical halves, in a number of planes. 
Thus the members show radial symmetry. 
Hydra , Protohydra , Clytia, Obelia , Aurelia , 
Corals and Gorgonia are the typical repre- 
sentatives of this phylum (Fig. 8.6). 

Phylum Ctenophora 

The members of this phylum possess 
many features common to the phylum 
Cnidaria. This phylum is characterised by 
having biradially symmetrical body. The 
nematocysts are absent, but the adhesive 
cells or colloblasts are present. Eight rows 
of ciliary plates are present. A gelatinous 
ectomesoderm containing mesenchymal 
muscle fibres are present. The Phylum 
Ctenophora is a small group embracing 
about 8U species. The typical examples 
are Hormiphora , Pleurobrachia (Fig. 8.6J), 
Beroe and many others. 

Phylum Platyhelminthes (About 10,000 
species) 


The members of the Phylum Platyhel- 
minthes (Gr. platys=1l at and helminthes— 
worm) have dorsoventrally flattened body 
and thus usually exhibit bilateral sym- 
metry which means that their body can 
be divided longitudinally into two identi- 
cal halves only through one plane. These 
animals possess in between ectoderm and 
endoderm, another cell layer called meso- 
derm. For this reason they are called 
triploblaslic. The digestive system is either 
ill-developed or absent. Most of the ani- 
mals are parasitic. They are mostly her- 
maphrodite, i.c., the same individual bears 
both male and female sex organs. Planaria , 
Flukes, Taenia , Echinococcus , Schistosoma and 
Phyllobothrium are some of the representa- 
tive members (Fig. 8.7). 

Phylum Nemathelminthes (About 12,000 

species) 

The representatives of the Phylum 
Nemathelminthes (Gr. nematos thread and 
helminthes worm) are called the round 
worms. They may be free-living or para- 
sitic. The body is built in the plan of a 
tube within a tube. Ascaris , Enterobius , 
Ancylo stoma, Wuchereria , Trichinella are some 
of the members of this phylum (Fig. 8.8). 




Fig. 8.8. A few examples of Phylum Nemathelminthes (not drawn up to scale). A. Enterobius (pin worm). 
B. Ancylostoma (Hook-worm). G. Wuchereria (lilaria worm). D. Loa (eye-worm). E. Dracunculus (Guinea- 
worm). F. Trickuris (whipworm). G. Trichinella male (Trichina worm). 
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Phylum Annelida (About 8,700 species) 
The members of the Phylum Annelida 
(L. anellus — a ring) have an elongated body. 
The entire length of the body is divided 
into a number of segments by transverse 
partitions. These partitions are called 
septa . The body is divided externally as 
well as internally. Each segment of the 
body is called a metarnere. The mesoderm 
layer is split — one part adheres to the 
ectoderm called somatopleure and other 
part remains attached with the endoderm 
and is called splanchnopleure . The space in 
between them is called the coelom. The 
animals having the coelom is called the 
coelomate. The locomotor organs are 
usually in the form of setae. The loco- 
motor organs, if present, are unjointed. 
The well-known examples are Pheretima , 
Lumbricus , Aphrodite , Nereis, Eunice , Placob- 
della , Polygordius (Fig. 8.9). 

Phylum Arthropoda (About 891 ,000 species) 
The Phylum Arthropoda (Gr. arthros 
joint and podos - -foot) includes largest 
number of animals. These animals are 
characterised by their mctameric segmen- 


tation. The body is covered by chitinous 
exoskeleton. Paired jointed appendages 
are present. Gephalisation is well-marked. 
This group exhibits wide range of adaptive 
variations. Palaemon, Periplaneta , Limulus , 
Scolopendra and Peripalus are a few members 
of this great phylum (Fig. 8.10). 

Phylum Mollusca (About 45,000 living and 
40,000 fossil species) 

The members of the Phylum Mollusca 
(L. molluscus~-s oft) have soft and unseg- 
mented body in adult condition. The body 
is usually provided with a shell. Presence 
of a mantle covering the body is a charac- 
teristic feature. A ventral muscular foot 
constitutes the organ of locomotion. The 
examples of this phylum include Pi la, 
Achatina, Loligo , Octopus and others (Fig. 
8 . 11 ). 

Phylum Echinodermata (About 5,500 liv- 
ing species) 

The members of the Phylum Echino- 
dermata (Gr. echinos — spiny and dermatos 
^skin) exhibit pentaradial symmetry. 
Calcareous ossicles are present in the 
dermis. A network of vessels through 



Fig. 8.9. A few members of Phylum Annelida (not drawn up to scale). A. Neanthes. B. Polygordius. G. Bis - 
fira (fan worm). D, Lumbricus (British earthworm). E. Placou della. F. Eunice (palolo worm). G. Aphrodite 
(sea mouse). 
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which water flows constitute the water 
vascular system which is an important 
feature of this group. All the members are 
marine. The typical examples are the 


Starfishes, Antedon , Ophiura and Holothuria 
(Fig. 8.12). 

Phylum Chordata. The Phylum Chor- 
data (L. Chorda --cord) gets the name 



Fig. 8.10. Representatives of Phylum Arthropoda (not drawn up to scale). A. Oniscus (wood louse). 
B. Photinus (fire-fly). C. Sarcoptes (itch mite). D. Astacus (cray-flsh). E. Tick. F. Gelasimus (fiddler-crab). 
G. Phyllium (leaf insect). H. Peripatus. I, J ulus (millipede). 
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tig. 8.11. Some members of Phylum Mollusca (not drawn up to scale). A. Pecten (scallop). B. Octopm 
G. Loligo (squid). D. Limax (slug). E. Helix (Roman snail). F. Mytilus (sea-mussel). 




Fig. 8.12. Animals belonging to Phylum Echinodermata (not drawn up to scale). A. Asterias (starfish) 
B. Qphsodesoma (related to sea-cucumber but completely without tube feet). C. Antedon (feather star) 
P. Isocrinus (sea-lily). E. Cucumaria (sea-cucumber). « 
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from the presence of notochord at some 
phase of development or throughout 
life. In case of higher forms the notochord 
is replaced by vertebral column. The 
other characteristics are the pharyngeal 
gill-slits, dorsal tubular nerve cord, etc. 
This group includes the lower chordates, 


c.g. Balanoglossus , Molgula , Amphioxus and 
the vertebrates like Cyclostomcs, fishes, 
amphibians, reptiles, birds and mammals 
(Fig. 8.13). 

Doubtful groups. There are several 
other animals which do not fall within 



Fig. 8.13. A few examples of Phylum Chordata (not drawn up to scale). A. Sphyrna (hammer headed 
shark). B. Apteryx (kiwi). C. Ichthyophis (caccilian). D. Alligator. E. Latimer ia (coelacanth). F. AptenodyUs 
(penguin). G. Rattus (rat). H. Molgula (a part of the body is removed to show internal organisation), 

6 [vol. i 76] 
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the above phyla. As their affinities are not 
well understood they are placed in separate 
doubtful phyla, but all of them can be 
broadly divided into non-coelomate and 
coelomate groups. Some examples are 
given in Fig. 8.14. 

NON- COELOMATE GROUPS 

Phylum (?) Calyssozoa (Endoprocta) (about 
60 species) 

This group includes Pedicelline , Loxosoma , 
Myosoma> Urnatella and others. They form 
a group of small sedentary animals. They 
are either solitary or colonial. They super- 
ficially resemble the Hydroidea and the 
Bryozoa. All of them are marine excepting 
Urnatella. The body is stalked, cup-like 
and beset with a circlet of tentacles. Over- 
hanging the mouth there lies an epistome. 

Phylum ( ?) Rotifera (about 1,700 species) 

The rotifers or the ‘wheel animalcules’ 
are microscopic animals, e.g. Brachionous. 
The anterior end gives rise to a retractile 
trochal disc. A peculiar structure called 
mastax is present inside the pharynx. 


The body cavity is spacious and lacks 
epithelial lining. The excretory system 
comprises of a pair of nephridial tubes 
containing flame cells. The sexes are 
separate. 

Phylum (?) Nematomorpha (about 500 

species) 

This group includes a large number of 
extremely elongated thread-like worms. 
They are free-living in the sexual stage and 
are parasitic in asexual stage. The ex- 
amples are Gordius (fresh-water form) and 
Nectonema (marine form). The excretory 
organs are absent. The nervous system is 
represented by a greatly thickened pharyn- 
geal ring. 

Phylum (?) Acanthoccphala (about 500 
species) 

This group comprises of a number of 
parasitic forms typified by Echinorhynchus 
and Acantkogyrus. They are parasitic in the 
intestine of vertebrates ranging from fishes 
to mammals. The anterior end of the cy- 
lindrical body is prolonged into a probos- 
cis. The mouth, anus and the excretory 



Fig. 8. 14. Members of some miscellaneous phyla (not drawn up to scale) . A. Lamellisabella (Pogonophora). 
B. Acantkogyrus (Acanthocephala). C. P Urnatella (Bryozoa). D. Sagitta (Chaetognatha). 



INVENTORY OF ANIMALS 


83 


pore are absent. The digestive system as a They are all marine. They have small, 
whole is absent. Total lack of sense organs slender and transparent body. The loco- 
is another important feature. motor organs are the fins. 


COELOMATE GROUPS 

Phylum (?) Phoronida (about 20 species) 
The example of this group is Phoronk 
The) are all marine. The body is worm- 
like, cylindrical and unsegmented. The 
body is encased within a membranous tube. 
The lophophore is horseshoe-shaped. 

Phylum( ?) Brachiopoda (about 260 species) 
The examples of the group arc the lamp 
shells (Lingula). They are all marine. 
The shell consists of dorsal and ventral 
valves. Two lophophores are present. 
The anus may be absent. 

Phylumf?) Chaetognatha (about 50 species) 
The example of this group is Sagitta. 


phylumf ?) Bryozoa (Ectoprocta) (about 4,000 

species) 

The example of this group is Plumatella. 
They are branched colonial forms. The 
individuals are minute and are placed 
in separate chambers. Ciliated tentaefes 
are present around the mouth. The 
digestive tract is U-shaped. 

Phylumf?) Pogonophora (about 43 Species) 
The pogonophorcs or beard worms are 
very recently studied group. They have 
many peculiar features and show super- 
ficial similarities with the hemichordates. 
The examples of the group are Siboglinum , 
Lamll Isabella etc. 


SUMMARY 


1. Taxonomy deals with the orderly arrange- 
ment of living forms. The classification part of taxo- 
nomy involves the study of characters and group- 
ing of individuals and the nomenclature part includes 
naming and placing of the individuals in proper 
place. 

2. Certain primary categories like Kingdom, 
Phylum, Class, Order, Family, Genus and Species have 
beer created to establish kinship and to give syste- 
matic status to the animals. 

3. An organism is given a generic name and a 
specific name. The generic name indicates what 
kind of animal it is and the name of the species 


explains what exact kind it is. Such scientific 
names are given in Latinised words and this system 
of naming is called Binomial .Nomenclature. Some- 
times it becomes imperative to recognise sub- 
species or varieties within a species giving a third 
specific name. Such system of naming is known as 
the Trinomial J Nomenclature . 

4. The animal kingdom includes eleven major 
phyla- -PROTOZOA, PORIFERA, GNIDARIA, 
GTENOPHORA, PL ATYHELMI N THES, NEM- 
ATHELMINTHES, ANNELIDA, ARTHRO- 
PODA, MOLLUSCA, ECHINODERMATA, 
CHORDATA and a few minor phyla having 
uncertain systematic position. 



CHAPTER 9 

Phylum Protozoa 

By definition the protozoa are primitive animals. Morphological expression of 
the body of the protozoa is a single cell which contains parts within it to perforin various 
activities that constitute the phenomena of life. These parts, called organelles though 
minute and simple may very well be compared to the cellular organs of metazoa whose 
body is made up of many cells. The cells of a metazoan body are interdependent 
and cannot thrive in isolation except in tissue cultures, while the single cell of the 
protozoa is a complete organism and is capable of independent existence. Most are 
so minute that a little drop of water may contain a number of them (Fig. 9.1). 



Fig. 9.1. Protozoa are so small that a drop of water may 
contain a number of them. 


IMPORTANT FEATURES 

(1) Individuals are usually microscopic, 
single-celled and some are colonial. (2) 
Body may be elongated, oval or spherical 
and the shape usually remains constant. 
(3) Single cell contains different organelles 
and usually one nucleus. Some forms may 
possess more than one nuclei. (4) Locomo- 


tion is effected either by the contractile 
movement of the cell or by special locomo- 
tor structures like pseudopodia, flagella 
or cilia. (5) Certain forms arc provided 
with protective coverings and most of 
the members procreate by spores to 
pass through unfavourable conditions. 
(6) All the types of habitats — free-living, 
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commensal or parasitic arc seen. (7) Holo- 
zoic, saprophytic, saprozoic and holophytic 
modes of nutrition prevail in the different 
members. (8) Reproduction commonly by 
fission (both binary and multiple). In cer- 
tain forms sexual reproduction may occur 
either by conjugation or fusion of gametes. 

OUTLINE GLASSIFICATION 

Formerly, on the basis of their locomotor 
structures the phylum Protozoa was sub- 
divided into following classes: Rhizopoda , 
Mycetozoa , Mastigophora , Sporozoa and Cilio - 
phora . But recently “the Society of Proto- 
zoologists through its committee on Taxo- 
nomy, has considered advanced cytological 
and microscopical findings (specially the 
electron microscopic observations) and has 
proposed new classificatory scheme of 
Protozoa. The detailed classification will be 
dealt with after describing some important 
examples, which belong to these groups. 

Example of the Phylum Protozoa — 

EUGLENA 

Habit and Habitat. Several types of 
Euglena are well known. The type des- 
cribed here is known as Euglena viridis . 
It is found abundantly on the surface of 
fresh-water ponds. Sometimes the popu- 
lation of Euglena becomes so dense 
that water appears to be green at the sur- 
face due to the green colour of Euglena. 

In the laboratory, Euglena is cultured by 
introducing a few collected Euglena in 
culture medium prepared by boiling cow 
or horse dung in distilled water. 

Structure. Euglena is spindle-shaped 
in appearance. The anterior end is blunt 
while the posterior end is pointed. The 
average length of the body is about 40- 65 
micra by 14—20 micra. The outer limiting 
surface or pellicle is firm, elastic and gives 
the animal more or less a fixed shape. 
The pellicle is marked by delicate and 
spiral striations which can be seen with 
difficulty. Beneath the pellicle there are a 
few elastic fibrils arranged obliquely and 
longitudinally. The pellicle is closely fol- 
lowed by a plasma membrane on the inner 
side. Within the plasma membrane there 
lies the general mass of cytoplasm differen- 
tiated into outer ectoplasm and inner endo- 
plasm. The ectoplasm is thin, non-granular 
and more ‘sol* in nature while the endo- 
plasm is granular, vacuolated and more 
‘gel’ in nature (Fig. 9.2). 


The nucleus is large, spherical and almost 
centrally situated. It lies in a clear area 
among the chloroplasts. Suspended in the 
cytoplasm there are a number of radiating 
chloroplasts containing chlorophyll. (Fig. 
9.3C). The chloroplasts are elongated or 
ovoid in appearance. A peculiar type of 
animal starch called paramylum remains 
scattered in the cytoplasm in the form of 
grains. Sometimes the paramylum bodies 
show such an increase in number that they 
almost mask the chloroplasts. When such 
an Euglena is kept in darkness for several 
days the paramylum bodies decrease in 
number. Euglena, like green plants, can 
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Fig. 9.2. Euglena viridis , note the radiating dis- 
position of its chloroplasts. 

synthesise carbohydrate food by photo- 
synthesis. One to many contractile vacuoles 
are situated at the anterior end and in close 
proximation to the reservoir into which the 
products of contractile vacuoles are voided. 

The anterior end bears a narrow depres- 
sion — the gullet which leads to a flask-shaped 
and non-contractile reservoir . In the inner 
side of the pellicle at the gullet region there 
occurs a pair of ridges which acts as sphinc- 
ter muscle. Near the base of the gullet there 
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is a large pigment spot or stigma (Fig. 9.3A). 
The stigma is bright red in colour and it is 
composed of small granules of carotenoid 
pigments embedded in colourless stroma. 

A single flagellum, equal in length to 
the body, emerges out through the gullet. 
The flagellum bifurcates into two in the 
middle of the reservoir and the two roots 
go to the two compact basal granules or 
blepkaroplasts situated in the cytoplasm just 
beneath the base of the reservoir. Some 
are inclined to think that there are two 
flagella — one short and one long. Each 


only. Euglena tries to orient itself in such 
a way that the photoreceptor be exposed 
from time to time. 

Locomotion. Locomotion in Euglena 
is affected in the following ways (Fig. 9.4). 

(a) Locomotion with the help of flagellum. 

The actual mechanism involved in flagel- 
lar movement is not satisfactorily known 
and there are varieties of flagellar move- 
ments. To explain the forward movement 
it has been advanced that the flagellum 
makes a series of lateral movements and 



originates separately from the two ble- 
pharoplasts and the shorter one soon after 
its origin unites with the longer one. The 
long flagellum is thick. The flagellum is 
made up of two parts — an elastic axial 
filament — the axotieme, made up of several 
fibrils and a contractile cytoplasmic sheath 
surrounding the axoncme (Fig. 9.3B). The 
root of the flagellum close to the stigma 
bears a lens-like thickening or photoreceptor. 
Recent studies have shown that the 
stigma acts as a shield to the photoreceptor. 
\Vhen an Euglena rotates on its long axis, 
the presence of the stigma allows the light 
to strike the photoreceptor from the sides 


as a result, a pressure is exerted on water 
at right angles to its surface. This pressure 
is resolved into two forces, on^ acting paral- 
lel and the other at right angles to the body 
axis. The parallel foice causes the body to 
rotate while the force acting t right angles 
drives the animal forward. I 

Another observation states that an 
Euglena moves forward by the undulating 
motion of flagellum. A series of waves 
pass along the flagellum from base to tip 
at the rate of twelve per second. The waves 
proceed along the flagellum in a spiral 
manner and cause the body of the Euglena 
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to rotate once in a second. Thus, in its 
locomotion it traces a spiral path about a 
straight line and moves forward. The rate 
ofmovcmenl is 0 5 mm per second. 

An Euglcna can also move by rowing. 
While rowing the body flagellum is held 
rigid and is slightly arched in the direction 
of the stroke. In recovering the position it 
bends as it is drawn back to face minimum 
resistance. 

( b ) Euglenoid movement. Euglena some- 
times shows a very peculiar motion 
in which waves of contraction pass along 
the body from anterior to posterior end 
and the animal creeps forward. The 



Fig. 9.4. Euglena viridis. Types of locomotion. 
A. Euglenoid movement (after Buchsbaum) . 
B* Rowing by flagellum. 


contractions arc brought about by the 
s|jetching of protoplasm on the pellicle 
or by the localised fibrils called myonemes 
in the ectoplasm. 

Nutrition. The modes of nutrition in 
Euglena are holophytic and saprozoic . Like 
a true plant it assimilates carbon and builds 
up carbohydrates from carbon dioxide 
and water. The holophytic type of nutri- # 
tion occurs in the presence of sun-light 
and the green pigment chlorophyll plays 
an important role in the process. Nitrogen 
and other minerals which remain dissolved 
in pond water is absorbed by the cell sur- 
face. Excess of carbohydrates manufac- 
tured is stored as paramylum. Euglena 
remains an autoroph so long as it is in 
light and is provided with essential in- 
organic compounds. The whole autotro- 
phic process in Euglena is dependent upon 
external sources of vitamin B l2 which is 
synthesized by bacteria and some micro- 
organisms. 

At times when pond water becomes 
polluted with dead and decaying organic 
matter Euglena gives up the holophytic 
mode of nutrition and switches over to a 
saprozoic mode. Dead and decaying 
matters dissolved in pond water are diges- 
ted ext racellularly and then they are absorbed 
through the general body surface. 

Some workers have reported that small 
organisms are forced to enter the reservoir 
by the movement of flagellum and they are 
engulfed. Such occurrence of holozoic mode 
of nutrition in Euglena is open to doubt. 

Respiration. The respiration in Eug- 
lena is aerobic. It absorbs dissolved oxy- 
gen from the surrounding medium by 
diffusion. In the process of photosynthesis, 
during day-time, a good amount of oxygen 
is liberated. There is every reason to believe 
that this oxygen is used in metabolic 
activities. 

Excretion. The carbon dioxide accu- 
mulated in the process of respiration 
during day-time is used up in photosyn- 
thesis. Unused C0 2 escapes by diffusion 
through body surface. Nitrogenous w y aste 
matter also escapes in the same fashion. 

Osmoregulation. Elimination of excess 
water is done by they contractile vacuole 
and its tributaries. The radiating or asso- 
ciating smaller vacuoles collect surplus 
water from the endoplasm and liberate 
their contents into the main vacuole (Fig. 
9.3A), which gradually increases in size 
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and finally contracts to force the fluid into 
the reservoir. From the reservoir the fli^jd 
escapes through the gullet. Along witn 
this, water soluble wastes are thrown out 
of the body. 

Reproduction. Usual mode of repro- 
duction in Euglena is longitudinal binary 
fission (Fig. 9.5). During fission locomotory 
activities are suspended and the flagellum 


some cases the flagellum of the mother is 
retained by one of the daughters and a 
new one develops in the other. 

Sometimes many Euglenae come close 
together, lose their flagella and round up. 
They secrete sticky substances in which 
they lie embedded. This condition is 
called palmella stage which is often seen as 
green scum on ponds (Fig. 9.6A). Indi- 



Fig. 9.5. Events during longitudinal fission in Euglena (from various sources). 

A-C. Events at the anterior end. 3> G. Formation of two daughter individuals. Note that the individual 
splits from the anterior end. 

A. Nucleus comes to the anterior end within which intranuclear body divides into two, each of which 
splits to form a new blepharoplast and an intranuclear body. From the new blepharoplast develops a 
new flagellum. Two original blepharoplasts of the flagellum move one on each side of the reservior. 
Contractile vacuole divides into two. B. The new flagellum unites with the old. Nucleus descends down 
and connections between intranuclear bodies and newly formed blepharoplasts persist. C. Nucleus, 
reservoir and gullet divide longitudinally. 


is withdrawn in some cases. The blepha- 
roplast is the first to divide and the two 
halves remain attached by a spindle-like 
structure or by a strand. This is followed 
by eumitotic type of division of the nucleus. 
The cleavage furrow starts appearing from 
the reservoir and proceeds longitudinally 
to divide the animal into two. in the two 
daughter Euglenae regeneration of lost 
parts occurs immediately after division. 

Each one develops a new flagellum. In 


vidual members of the patmella carry on 
metabolic activities and i reproduce by 
fission. When favourable conditions come 
back the Euglenae separate, regenerate 
the flagella and start living normal and 
active life. 

Encystment. Euglena encysts during 
the periods of draught and extreme cold. 
The animal becomes inactive, withdraws 
flagellum and assumes a round shape 
(Fig. 9.6B). Gradually, protective walls 
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ire secreted. The cysts are red in colour 
iue to the presence of a pigment called 
laematochrome . 

On the return of favourable condition 
:hc cyst wall breaks and the Euglena 
:omes out. Nuclear division may occur in 
encysted Euglena . 

Sensitivity. Euglena shows photo- 
sensitivity and their responses vary accord- 
ing to the intensity of light source. 
Normally, it swims parallel to the light rays 
and towards the source of light. The 
stigma, together with the thickening on 
the flagellum constitutes a sort of ‘ optic 
nganelle ’ for the animal. The animal can 
also respond to various concentrations of 
chemicals, oxygen and carbon dioxide. 

EUGLENA— A CITIZEN OF THE TWO 
KINGDOMS 

Euglena bears many characters which 
arc common to both plants and animals. 
Typical plan characters are the presence 
of chloroplast, possession of pyrenoid and 
occurrence of holophytic and saprozoic 
nutrition. While animal characters stamp- 
ed in Euglena are the myonemes, contrac- 
tile vacuole and the Euglenoid type of 






Fig. 9.G. A. Palmclla stage of Euglena. B. Encysted 
Euglena undergoing division. 


movement. However, the features like the 
absence of a cellulose cell wall, presence 
of contractile vacuole, presence of para- 
mylum and longitudinal binary fission 
strongly justify its inclusion in the animat 
kingdom rather than in the plant kingdom. 


called giardiasis. The distribution is cosmo- 
politan. Trophozoites measure 9-20 by 
6-15 micra. Cytostome is absent. Proto- 
plasm is clear. Ventral side of the body is 
flat and dorsal side is convex. The posterior 
end is pointed but anterior end is round. 
A bean-shaped sucking disc is present on the 
ventral surface. Two elongated nuclei and 
two parabasal bodies are present. There, 
are eight rhizoplasts and flagella in follow- 
ing arrangements — right-1, left-1, antero- 
latcral-1 , postero-lateral-1 , ventral-2 
and caudal-2. Cysts measure 8-14 by 
6-10 micra and contain 2 to 16 nuclei. 
Infection occurs through contaminated 
drink or food (Fig. 9.7). 
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Fig. 9.7. Giardia latnblia . A. Dorsal view. B. Cyst 
with four nuclei. C. Cyst with twelve nuclei. 


OTHER FLAGELLATES 

Apart from the free-living ones a large 
number of flagellates are parasitic. A 
few parasitic forms are described below. 

GIARDIA LAMBLIA. It is also known 
as Giardia intestinalis and it lives as parasite 
in the intestine of man and causes a disease 


TRICHOMONAS HOMINIS. These cos- 
mopolitan parasites have trophozoites of 
5-20 micra and inhabit the intestine of 
cattle. It also lives ks commensal in the 
colon of man. The cytostome is distinct 
and parabasal bodies are absent. The pro- 
toplasm contains single nucleus and food 
vacuoles. Number of free flag;ella vary 



90 


BIOLOGY OF ANlKtAtS 


from 3-5. Two blepharoplasts are 
situated in front of and anterior to 
the nucleus. Three to four flagella arise 
from the blepharoplast close to the 
nucleus and are directed anteriorly. From 
the other blepharoplast arises the fixed 
flagellum, costa and axostyle. The fixed 
flagellum is accompanied by the undulat- 
ing membrane throughout the whole 
length of the body and then continues as a 
trailing or posterior flagellum beyond 
the body length (Fig. 9.8). 



Fig. 9.8. Trichomonas horninis , an intestinal parasitic 
flagellate. 

•r 

TRICHOMONAS VAGINALIS. Cosmo- 
politan; inhabits as a parasite in the 
vagina of women and also found in the ure- 
thra of man. Approximately 10-30 micra 
in length and more or less oval in 
shape (Fig. 9.9). Nucleus is elongated; 
cytostome is less distinct; parabasal body 
is large; undulating membrane is short. 
No cyst formation; docs not survive more 
than 24 hours outside the body of the host. 
Transmission is direct through males. 


HAEMOFLAGELLATES. The Hae- 
moflagellates are a group of flagellates 
which habitually live in the blood or 
tissues of man and other vertebrates. The 
haemoflageilates of man belong to the 
family Trypanosomatidae . The family in- 
cludes two genera namely, Trypanosoma 
and Leishrnania. These parasites are struc- 
turally complex and are of considerable 
pathogenic importance to man. Trypano- 
somes are uniflagellated blood parasites of 
man and other vertebrates. They occur in 
variety of forms and all these forms (Fig. 
9.10) are represented in the life cycle of 
Herpetomonas muscarum (a member of the 
family Trypanosomatidae) which is a 
parasite in house fly. The life cycle of 
Trypanosoma revolves round two hosts — 
one vertebrate and the other an inverte- 
brate. The trypanosomes show polymor- 
phism, presenting different morphological 
forms under different conditions. The poly- 
morphic forms are: 

T. Leishmanial form or Amastigote 
form. The body is round or oval with a 



Fig. 9.9. Trichomonas vaginalis , a flagellate which 
remains as parasite in the reproductive tracts of 
Women (after Kudo). 
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nucleus and a kinetoplast but no flagellum 
is present. 

II. Leptomonad form or Promasti- 
gote form. The whole structure is thread- 
like, nucleus centrally located, blepharo- 
plast is anterior to the nucleus, the rhizo- 
plast arises from the blepharopla^t and 
runs straight up to the anterior extremity 
and then emerges as a free flagellum twice 
as long as the body. 



Fig. 9.10. Variety of forms in the life cycle of 
Trypanosoma (after Kudo) . 

1. Leishmanial form. 2. Trypanosoma form. 
3. Trypanosoma form. 4. Grithidial form. 5. Lep- 
tomonad form. 6. Leishmanial form. 


III. Grith i dial form or Epimasti- 
gote form. The flagellum is not comple- 
tely free and runs along the surface and 
up the anterior end. It is in association 
with the undulating membrane which is short. 
Beyond the anterior end the flagellum is 
free. 

IV. . Trypanosoma form or Trypo- 
mastigote form* The blcpharoplast is 
situated behind the nucleus. Flagellum 
skirts the whole length of the body and 
remains attached to the undulating mem- 
brane. 

i Leishmanial forms leave the body 
along with the excreta of the fly. Ingestd 
Lcishmania reaches the oesophagus of 
vertebrate host and is transformed into 
leptomonad form. 

The genus Trypanosoma includes the 
typical blood parasites of man and other 
vertebrates. They are transmitted by the 
blood-sucking invertebrates from verte- 
brate to vertebrate. Trypanosomes occur 
in all vertebrates, but are pathogenic to 
man and some domestic mammals. The 



Fig. 9.11, Trypanosoma cruzi. A. Trypanosoma 
form. B. Leishmanial form 3. Grithidial form. 
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major pathogenic trypanosomes of man 
are: Trypanosoma gambiense and T. rhode - 
siense — the causitive agents of African slee- 
pingsickness. The pathogenic trypanosomes 
have a similar life history. The biological 
account of some trypanosomes will give 
an account of the group in general. 

TRYPANOSOMA CRUZI. Causative 
agent of Schizotrypanosomiasis or Chagas 5 
disease . Distribution is Central and South 
America. Trypanosoma forms occur in the 
blood stream of man but do not multiply 
there. They are 20 micra in length and 
3-7 micra in breadth. Kinetoplast is big 
and situated posterior to nucleus. Nucleus 
is elongated. Undulating membrane is 
narrow, free end of flagellum is not more 
than half the body length. Trypanosoma 
forms change to leishmanial forms and the 
change is reversible. Leishmanial forms 



are ovoid and 4 micra in diameter. Pre- 
sence of distinct nucleus and rod-shaped 
kinetoplast, short rhizoplast perpendicular 
to kinetoplast may be seen. Leishmania 
forms reproduce by binary fission and take 
refuge in muscle fibres, neurons, testis, 
thyroid gland and skin (Fig. 9.1 1). 

The blood-sucking hemipterous bugs of 
the family Triatomatidae are the interme- 
diate hosts. Parasites in trypanosoma 
forms enter the gut of the bugs and trans- 
form to crithidial forms; several weeks 
aftei, the crithidial forms switch over to 
trypanosoma forms and are then called 
Metacyclic trypanosoma. 

Man becomes infected by the deposition 
of excreta qf bugs on the bruised skin, 
conjunctiva of eye and even lips. 

TRYPANOSOMA GAMBIENSE. Causative 
agent of west African trypanosomiasis or 



species) ^T. 1 (Z° Sma gambume - h cau,cs African sleeping sickness in man. Photograph is of a related 
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sleeping sickness. They occur in the lymph 
glands, in reticular tissue of spleen, blood 
and at a later stage in the cerebro-spinal 
fluid in trypanosoma forms only and 
divide by binary fission. The trypanosoma 
forms are 15-32 micra in length. The 
undulating membrane is much convoluted, 
nucleus is posteriorly placed and kinetop- 
last is round. Cytoplasm bears volutine 
granules (Fig. 9.12). Three types of try- 
panosoma forms are known: (i) slender, 
(ii) stumpy, and (m) intermediate. 

The intermediate host is the blood-suck- 
ing tsetse fly, Glossina palpalis , which in- 
fects man in two ways: 

(a) Direct transmission. When a fly 
bites a man infected with trypanosoma 
some trypanosomas stick to the proboscis 
and when this fly bites another man the 
trypanosomas are introduced into him 
provided the time between the successive 
bites do not exceed few hours. 


( b ) Cyclical transmission. When the fly 
takes the infecting meal the parasites enter 
the midgut, remain there for two days 
and start multiplying. To avoid washing 
out by the movement of gut, the parasites 
take refuge in the extraperitrophic space — the 
space between gut wall and peritrophic 
membrane (a thin membrane which enve- 
lops the blood imbibed by the fly) and 
multiply. Then they come out in huge 
numbers to the proventriculus after ten 
days and reach the salivary gland on the 
12 tli day. They become ready for infection 
after 20th day. 

The fly introduces the trypanosomas in 
the blood stream of man along its bite 
(Fig. 9.13). 

Among the other Trypanosomas, the 
Trypanosoma rhodesiense causes east African 
sleeping sickness ; Trypanosoma brucei causes 
nagana fever of African domestic animals 
and transmitted by Glossina; Trypanosoma 
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evansi causing surra disease of Indian 
horses, cattle, camels and transmitted by 
tabanid flies; Trypanosoma equiperdum caus- 
ing dourine disease of horses and mules 
are transmitted directly duri?ig coition. 
The non-pathogenic trypanosomes also 
occur in man. Trypanosoma primatum of 
anthropoid apes, Trypanosoma rangeli of 
man in Venezuela and Columbia and 
Trypanosoma rotator ium of frogs are some of 
the typical non-pathogenic trypanosomes. 

LEISHMANIAS. Members of the genus 
Leishmania which are parasitic to man and 
other vertebrates occur in Leishmanial forms 
(flagellaless forms) and in the interme- 
diate hosts they are seen in leptomonad 
forms (flagellated forms). Three members 
of the genus are parasites in man and they 
offer close resemblance to one other. 

In man the leishmanias (Fig. 9.14) are 
intracellular parasites of the reticulo- 
endothelial system namely, the endothelial 
cells, large mononuclear leucocytes and 



Fig. 9.14. Leishmania donovani (after Hall). A. Within 
a leucocyte. B. & C. Flagellate forms grown in vitro . 
D. & £. Leishmania tropica in two different forms. 


Kupflfer cells of liver. In case of heavy infec- 
tion they have been found to invade ecto- 
dermal cells and polynuclear leucocytes. 

Leishmanias are oval in shape and 
measure 2-4 micra by l’5-2 micra. The 
nucleus is elongated with a rod-shaped 
kinetoplast which is perpendicular to the 
nucleus. Flagellum is absent. Binary 
fission is the mode of multiplication. By 
their successive divisions the parasites, 
become overcrowded in the host cell, 
which is ultimately destroyed. 

The intermediate host is the sand fly 
belonging to the genus Phlebotomus, The 
fly ingests leishmanias along with the blood 
of the vertebrate host. In the midgut of 
the fly the parasites increase in size, deve- 
lop flagella and are metamorphosed into 
long, slender Leptomonad forms in four days. 
The leptoinonas multiply vigorously by 
binary fission and reach the proventriculus 
of the fly. Repeated multiplication inside 
the proventriculus causes complete obs- 
truction of the organ. As a result, when the 
sand fly tries to ingest blood, the meal 
goes no further than the oesophagus. This 
causes a regurgitation of the sucked blood 
and the leptomonads are introduced in the 
blood stream along with the regurgitation. 

LEISHMANIA DONOVANI. It resides in 
the viscera and is the causative agent of 
visceral leishmaniasis or fatal kala-azar. It 
is prevalent in eastern India, China, cen- 
tral Asia, east Africa, South America and 
Russia. Man becomes infected by be- 
coming associated with a sylvatic or non- 
domestic reservoir jackal and domestic 
reservoir dog. Spreading of the disease 
among human being is caused by the 
intermediate host Phlebotomus (Indian 
vector, Phlebotomus argentipes). 

LEISHMANIA TROPICA. Resides in 
human skin and is the causative agent of the 
cutaneous leishmaniasis or oriental boil and 
oriental sore. It is most? predominant in 
the old world. Sylvatic ^reservoir is wild 
rodents and the domestic reservoir is dog. 
Transmission is through \Phlebotomus (Ind- 
ian vector, Phlebotomus serfyenti). 

LEISHMANIA BRASILIENSIS. It resides in 
the cutaneous and mucocutaneous parts of 
human body and is the causative agent of 
Espundia — -a serious disease of buccal and 
nasal cavities. It is prevalent in the New- 
world. Sylvatic reservoir is a rodent and 
opossum and the domestic reservoir is dog. 
Transmission occurs through Phlebotomus . 
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Table 4 — Protozoa 

Comparison between Trypanosoma brucei and Trypanosoma cruzi 

Points Trypanosoma brucei Trypanosoma cruzi 

1. Causative African sleeping sickness. South American sleeping sick- 

agent of ness or Chagas’ disease. 

2. Distribution Tropical Western Africa. Central and South America. 

3. Habitat Definitive host is man and other Definitive host is man and other 

vertebrates. In them it is essen- vertebrates. Resides in the mus- 

tially a parasite of connective cular and nervous tissues and 

tissue, i.e. blood and lymph also in the Reticulo-endothelial 

where it multiplies readily. system as amastigote forms. 

Finally it localises in the brain. Mastigotc forms appear in the 

Intermediate hosts arc several peripheral blood at times. Inter- 

■pccics of fly belonging to the mediate host is reduvid bug 

genus Glossina y where they are like Triatoma. 

found in the gut. 

4. Morphology Occurs in the vertebrate host as Two main morphological forms 

Trypomastigote form. Trypo- are encountered in the human 

mastigotes show polymorphism. host. (1) Trypomastigote form. 

Individual parasites vary in size It measures 20 /x long by 6 jx 

and shape in the different phases broad. The nucleus is centrally 

of their existence.. Two main located. Kinctoplast is large, 

forms are recognised — (1) short, oval and located posteriori . 

thick and stumpy forms. These (2) Amastigote form. These are 

measure 10 /x long by 5 /x broad round and oval bodies and are 

and without or with a short free 2-4 /x in diameter. Multiplica- 

flagellum. (2) Long, slender lion of the parasites occurs at 

forms. These measure 20 /x long this stage only. Trypomastigote 

by 3 [I broad and possess long forms change to amastigote 

free flagellum. In general, T. forms and the change is rc- 

brucei is an elongated spindle- versible. 

shaped organism. The nucleus 
is large and centrally located. 

Kinctoplast is small and is 
situated at the posterior. The 
flagellum starts from the poste- 
rior end and runs beyond the 
anterior end as free flagellum. 

The undulating membrane is 
thrown into 3 to 4 folds. 

5. Life cycle It passes its life cycle in two hosts : It passes its life cycle in two hosts : 

1. Development in vertebrate 1. Development in vertebrate 
hosts — Metacyclic stage of Try- hosts— Man becomes infected 
poinastigotes introduced by the cither by the faecal matter of the 
bite of Glossina (infected) deve- bug being ^nibbed into the 
lop into long and slender forms. wound caused by bug bite or by 
At the site of inoculation they contamination. The metacyclic 
multiply by longitudinal binary trypomastigotes invade tissue 
fission and transform into cells and transform into 
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Points 


Table 4 (contd.'l — P rotozoa 


Trypanosoma brugei 


Trypanosoma gruzi 


5. Life cycle 
cotitd . 


stumpy forms to invade the 
blood stream. 


Amastigote form. The amasti- 
gote forms multiply by binary 
fission and after passing through 
pro- and epimastigote stage be- 
come transformed into trypo- 
mastigote forms to be liberated 
in the blood stream. 


2. Development in Glossina 
(Tsetse). The short stumpy 
forms are ingested by the fly. 
In the gut of the fly the stumpy 
forms change to long slender 
forms and start multiplying for 
some days. After 15 days they 
enter the provcntriculus and 
thence to salivary gland via the 
buccal cavity. Here they again 
multiply and transform to epi- 
mastigotc and then again to 
metacyclic, i.e., short and 
stumpy forms of trypomastigote. 


2. The trypomastigote forms 
enter the stomach of the bug 
during the act of biting. In 
the stomach of the bug they 
transform into amastigote form 
and multiply by binary fission. 
The amastigote forms trans- 
form into epimastigote form and 
multiply again by longitudinal 
binary fission. After 8-10 days 
they transform into Trypo- 
mastigote form and arc excreted 
with the faeces of the bug. 


Example of the Phylum Protozoa — 
AMOEBA PROTEUS 

Habit and Habitat. Amoeba proteus oc- 
curs abundantly in the bottom of pools, 
ponds, ditches. It is always found in 
association with aquatic vegetations. Suc- 
cessful culture of amoeba is made in the 
laboratory in different culture media. 

Structure. The body resembles a blob 
of an irregular jelly and measures about 
600 micra in average diameter (Fig. 9.15). 
The irregular shape is due to constant 
throwing of its own surface as pseudopodium. 

The outer boundary of the body is made 
of the plasma membrane which is thin, 
elastic and selectively permeable. Recent- 
ly, the existence of a very thin and flexible 
pellicle in amoeba has been reported and 
it has been possible to separate the pellicle 
from the plasma membrane by plasmoly- 
sis. Inside the plasma membrane are 
placed the nucleus and cytoplasm. The 
nucleus is disc-like and biconcave. The 
cytoplasm is differentiated into ectoplasm 
and endoplasm . The ectoplasm is less exten- 
sive, gel in the nature and nongranular 
though in electron microscopy it shows 
threads and particles of unknown signi- 
ficance. The endoplasm is divisible into 


two parts — the stiff region beneath the 
ectoplasm is called plo&nagel and an 



Fig. 9.15. Amoeba proteus . Note various structures 
like nucleus, food vacuoles, contractile vacuole and 
pseudopodia. 
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inner-fluid part called plasmasol. The 
plasmasol includes various organelles and 
inclusions. These structures are: 

1. Contractile vacuole . Single, large and 
transparent; gradually increases in size 
and ultimately bursts. 

2. Food vacuole. One or more spherical 
vacuoles containing water and food 
particles at different phases of digestion. 

3. Water vacuole or globule. Several, occur 
as perfectly transparent colourless drops 
which do not change in size. 

4. Stored food . Numerous granules of 
the nature of fats and carbohydrates which 
are recognised by using special staining 
methods. 

5. Mitochondria. These are present in 
the form of rods or dots and are recognised 
by special stains. 

6. Crystals. Crystals of assorted sizes and 
shapes are seen which arc probably 
metabolic wastes. 

The role played by the above-mentioned 
structures is given below : 

Plasmalemma. It retains the inner con- 
tent and is permeable to respiratory gases 
and water. It plays important part in 
pseudopodia formation and food capture. 

Ectoplasm. It is responsible for main- 
taining the shape and also protects the 
inner parts. 

Endoplasm. It houses different organel- 
les including the nucleus. The conversion 
of plasmasol to gel and back is important 
in the process of pseudopodia formation. 

Nucleus. It regulates the working of all 
other organelles and takes part in repro- 
duction. 

Contractile vacuole. It is involved ill 
osmoregulation, respiration and excretion. 

Food vacuoles. These organelles are 
meant for nutrition. 

Water vacuoles. Numerous small water 
vacuoles control the water balance of the 
body. 

Mitochondria. These bodies are regarded 
as the ‘power house’ of the cell and are 
the seats of cellular respiration. 

Various inclusions. It includes reserve 
food materials and also different metabolic 
wastes. 

7 [ voL. 1 76] 


Locomotion. Locomotion in amoeba is 
creeping in nature and is dependent upon 
an intimate and direct contact with as ub- 
stratum. Creeping in amoeba involves the 
production of finger-like projections called 
t he pseudopodia and the movement is called 
amoeboid movement. During locomotion in 
Amoeba proteus one or more blunt finger- 
like pseudopodia are formed in the 
direction of movement. The projection 
grows more and more by accumulation 
of cytoplasm from other parts of the 
body. 

In some cases Amoeba has been seen to 
walk on the tips of the pseudopodia. A 
good many theories have been advocated 
to explain the mechanism involved in the 
formation of a pseudopod ium. Mast has 
given a thorough and detailed description 
of pseudopodia formation (Fig. 9.16). 
According to Mast the body of the amoeba 
is made up of four parts — the thin and 
elastic plasma membrane, the plasmagel, 
the plasmasol and a hyaline fluid in bet- 
ween the membrane and plasmagel. 
Actions and interactions between these 
four parts result in pscudopodium 
formation. 

During the formation of a pseudopodium 
the plasma membrane gets attached to 
the substratum. A local and partial 
liquefaction occurs in the plasmagel at a 
point. The rest of the plasmagel exerts 
pressure on ‘he weakened area to produce 
a bulge. This pressure comes from 
osmotic and other forces. Posteriorly, 
the contracting plasmagel converts into 
plasmasol. Anteriorly, the plasmagel tube 
is continuously regenerated by gelation 
of plasmasol and the pseudopodium 
grows. 

Thus the formation of pseudopodium 
and the resultant movement in amoeba 
are due to spontaneous and reversible sol- 
gcl phenomenon. 

Nutrition. Amoeba is holozoic in 
nutrition and feeds on unicellular plants 
or animals such as bacteria, diatoms, small 
ciliates and tiny algal filaments. It has the 
capacity to discriminate between nutritive 
and non-nutritive food. It has been shown 
that an amoeba can discriminate between 
Chilomonas and Monas and shows preference 
for the former. 
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Fig. 9.1G. Figures illustrating the idea of Mast about the cytoplasmic. How during the formation of a 
pseudopodium in Amoeba protern (after Kudo).. Note that during the formation of a pseudopodium a 
hyaline cap appears. A. The plasmagcl beneath the cap dissolves and plasmasol rushes through the gap. 
B. The plasmagcl may persist as a thin layer. C. Break only at certain points. D. Dissolve completely. 


Amoeba often chases its food for a' con- 
siderable distance (Fig. 9.17). When it 
comes in contact with the food particle, 
it extends pseudopodia on either sides 
and above the particle and forms a con- 
cavity or food-cup. Ultimately, the pseudo- 
podia bend around the particle and their 
ends meet and fuse. The food particle 
along with some amount of water becomes 
enclosed in the food vacuole. The margin 
of the food-cup exerts sufficient force as 
indicated by the ‘biting’ of the prey into 
two parts. The whole process of ingestion 
takes about 2-3 minutes and several food 
vacuoles may be present at a time. 

Digestive processes now start in the food 
vacuoles. The cytoplasm surrounding the 
vacuoles secretes HCl which kills the prey 
and makes the medium acidic which soon 
becomes alkaline as enzymes are secreted. 
Among the enzymes pepsin and trypsin 
have been distinguished in amoeba. The 
end products of digestion which are pro- 
teins, carbohydrates and fats in simple 
form and some soluble minerals are 


absorbed by the surrounding cytoplasm. 

Egostionor tlirowing-out of non-digest led 
food particles is done through temporary 
openings in the ectoplasm at a spot near 
the food vocuole. Figure 9.18 illustrates 
the process of ingestion and egestion. A 
process called pinocytosis or ‘drinking’ 
has been reported in Amoeba proteus . Pino- 
cytosis involves the formation of a narrow 
canal on the surface of the body by invagi- 
nation and then the pinching-off of the 
canal containing fluid. The importance 
of pinocytosis is yet to be devaluated. 

Respiration. Oxygch dissolved in 
water enters the body through the general 
body surface and carbon dioxide produced 
by oxidation goes out through the body 
surface by the process of diffusion. 

Excretion. By-products of dissimila- 
tion are urea and uric acid. They, along 
with excess salt in solution, pass out of the 
body through plasmalemma by a physical 
process called diffusion. 
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direction 


Osmo-regulation. Excess of water 
which enters the body through body sur- 
face and during food- intake is collected 
by the contractile vacuoles. A contractile 
vacuole is about 30-50 micra in diameter 
and contains accumulated fluid which is 
less dense than the surrounding cyto- 
plasm. A fully formed vacuole contracts 
and the fluid is forced out through the cell 
surface. The disappearance of one vacuole 
is followed by the production of a new 
one. The rate of contraction of a vacuole 
varies from a few seconds to several 
minutes. The vacuolar activity increases 
when distilled water is injected and 
stops when the animal is put in sea 
water or is treated with potassium cya- 
nide. Water discharged to the exterior 
by vacuoles contains traces of metabolic 
wastes and respiratory gases. 

Reproduction. Reproduction in 
amoeba is asexual and is effected by Binary 
fission . The nuclear division is eumitotic 
type, i.e. there is distinct chromosome for- 
mation but the presence of 500 to 600 
chromosomes makes the mitotic picture 
obscure. It has been shown that there is a 
definite correlation between the stages of 
nuclear division (Fig. 9.19) and the exter- 
nal morphological changes (Fig. 9.20). 
During prophase the animal becomes 
round, studded with fine pscudopodia and 
under reflected light presents a well- 
defined hyaline area at the centre. The 
hyaline area disappears in metaphase. 
During anaphase the pseudopodia 
become coarse and in telophase the body 
elongates, cleavage furrow appears and 
gradually the pscudopodia return to 
normal structure. 

Encystment. Encys linen t in Amoeba 
proteus has not yet been reported though it 
is a very common feature in other amoebae 
(Fig. 9.21). 

In extremes of coolness or hotness and in 
other unfavourable conditions an amoeba 
encysts. During encystment the body be- 
comes round and the pscudopodia are 
withdrawn. The food particles are either 
absorbed or thrown out and the contrac- 
tile vacuoles disappear. The cytoplasm 
secretes a double-waljid resistant enve- 
lope around it (Fig. 9.22). 

On the return of favourable condition 
exeystment occurs. The protoplasm inside 
the cyst comes out by breaking the cyst 
wall at a point, 
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The cyst in case of amoeba is protective 
in nature and not reproductive. Evidences 
in favour of amoeba undergoing nuclear 
division in encysted condition are very 
rare. It is to be noted that one amoeba 
comes out of one cyst. 


Entamoeba histolytica has been recorded 
from Orang Utan, Gorilla, Chimpanzee, 
Gibbon, Baboon, Monkey, Dog, Cat, 
Rat and Pig. 

The parasite is worldwide in distribu- 
tion and the disease caused by the parasite 



Fig. 9.18. Mechanism of Ingestion (upper row) and Egcstion (lower row) in Amoeba. Note that during 
ingestion a part of plasmalemma is cut off to be the lining of food vacuole. During egestion the same 
membrane again becomes continuous with plasmalemma. 


Sensitivity. An amoeba gives nega- 
tive response to mechanical obstacle; 
When it is pricked or touched by a rod it 
turns to avoid the obstacle. However, it 
can distinguish between a particle of no 
use and a particle of food. It readily 
repels itself from salt, sugar, acid and 
alkali as it is unaccustomed to them. 
Amoeba shows negative reaction to 
strong light and positive reaction to 
gravity. The responses of amoeba are so 
oriented as to benefit the individual to 
the maximum. 

Example of the Phylum Protozoa — 
ENTAMOEBA HISTOLYTICA 

The genus Entamoeba was established in 
1879 by Leidy. Entamoeba histolytica was 
first described as Amoeba coli by Losch in 
1875. Schaudinn established the species 
Entamoeba histolytica in 1903 and differ- 
entiated the pathogenic and non-patho- 
genic types. 

Entamoeba histolytica is a parasite that 
inhabits the mucous and submucous layers 
of the large intestine of man. It may 
also occur in the liver, lungs and rarely 
invades brain, spleen, etc., producing 
ulcers. 


is known as ‘Amoebic dysentery’, the 
medical importance of which is well estab- 
lished. 

Morphology. (a) Trophic. The 

trophozoites vary in size from 15 to 40 
micra, the average being 18 to 25 micra. 
Dobell (1919) and others have shown 
that the parasite has got two races, one 
large and the other small. The tropho- 
zoite of Entamoeba histolytica in living con- 
dition shows two distinct portions, ecto- 
plasm and endoplasm. The ectoplasm is 
clear and translucent while the endoplasm 
is granular. The endoplasm often con- 
tains injested red blood corpuscles. The 
pseudopodia may be long, | finger-like or 
short and rounded in shapjfc (Fig. 9.23). 
In freshly passed stool the parasite is very 
active and moves rapidly in 5a straight line 
with a single clear pseudopj&d at the an- 
terior end. This is known |is 'directional 
movement’. The movement ^becomes slug- 
gish when the faeces cool doWn and in this 
condition the amoeba throws out pseudo- 
podia at various directions and remains 
stationary. 

The nucleus is indistinct in living con- 
dition but when stained with haematoxy- 
lin it shows a small dot-like central 
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karyosomc or endosome, a uniform ring of 
small peripheral chromatin granules and 
at times some chromatin granules in 
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Fig. 9,19. Changes in the nuclear apparatus 
during the binary fission of Amoeba. 


between them. Sometimes there may be 
traces of linin network in the form of fine 



Fig. 9.20. Morphological changes in Amoeba 
proteus during binary fission (after Kudo). A. In 
prophase. B. & C. In metaphase. D. In late ana- 
phase. E. In telophase. 
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fibrils in between karyosome and nuclear 
membrane. The nuclear membrane is 
very delicate. The size of the nucleus is 
about 4 to 6 micra in diameter. 



Fig. 9.21. A. Trophic and B. Cyst of soil Amoeba, 
Acantharnoeba sp. (Courtesy of Dr. S. Mookerjee). 

(b) Cystic. The cysts of both races of 
Entamoeba histolytica vary in size from 10 to 
20 micra (average 12 micra) in diameter. 
In haematoxylin stained preparation a 
matured cyst looks spherical and 
quadrinucleate. Its cytoplasm is clear and 
often contains black rod-like chromatoid 
bars or bodies with rounded ends 
(Fig. 9.23D). 


The young cysts are uninucleate or 
binucleatc and their nuclear structure is 
just like that of the trophozoites. But the 



Fig. 9 .22 . Encystment in Amoeba (after Winchester) . 
Although very common in other Amoebae, it rarely 
occurs in Amoeba protais. 

nucleus of a matured cyst is very small and 
its detailed structure is difficult to differ- 
entiate, particularly of the small race. It 




Fig. 9.23. Entamoeba histolytica (from various sources). A. Living trophozoite. B. Stained trophozoite 
C. Prccystic stage. D. Cystic stage. E. Excystment. 
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shows a very small central karyosome and a 
delicate nuclear membrane. 

Presence of chromatoid bodies is the 
characteristic of the cysts of Entamoeba 
histolytica . They occur either singly or in 
multiples of two or more. About the exact 
nature of these bodies there is a contro- 
versy. Some authorities consider it as 
nutrient material of the cyst while others 
believe them as excess of chromatin 
thrown off during nuclear division. The 
chromatoid bodies occur in the early 
stages of the cysts but they disappear in 
the mature quadrinucleate cyst. 

In young cysts glycogen is present in a 
diffused state and can be demonstrated in 
preparation with LugoPs iodine solution 
producing a brownish colour. 


the cyst. In the 4-nucleate amoeba both 
the nuclei and cytoplasm divide and as a 
result 8 small amoebulae are produced 
(Fig. 9.24). These are called trophozoites . 
They are motile and penetrate the mucous 
membrane. Inside the tissues the tropho- 
zoites multiply and produce the character- 
istic lesions of amoebic dysentery. 

The exact nature of the division of the 
nucleus is controversial but it is believed 
by many authors that it is probably a 
modified type of mitosis. The chromosome 
number of Entamoeba histolytica is stated to 
be six. 

Transmission. Cysts of Entamoeba 
arc transmitted from one individual to 
another in a variety of ways. The cysts are 
generally transmitted with food or drink. 



Fig. 9.24. Transformation of a quadrinucleate mctacystic stage of Entamoeba histolytica to eight uninucleate 
trophozoites (after Kudo). 


Life cycle. Entamoeba histolytica mul- 
tiplies by binary fission in the trophozoite 
stage. They have the capacity to encyst. 
Prior to encystment, the parasite rounds 
up and eliminates food vacuole. A cyst 
wall develops and the nucleus divides 
first into 2 and then into 4 small nuclei. 
At this stage the cyst is infective to a new 
host. Through contaminated food or drink, 
the infective cysts pass into the lower por- 
tion of the small intestine of the new host. 
There the cyst wall becomes permeable 
by the action of the intestinal enzymes 
and 4-nucleate amoebae emerge out from 


House flies and cockroaches may transmit 
cysts mechanically. Raw vegetable is also 
another source of infection. In many 
countries human faeces are used as ferti- 
lizer and thus roots and leaves of plants 
remain contaminated with viable cysts. 
Food handlers are also sometimes res- 
ponsible for the spread of infection owing 
to imperfect persona^ Sanitary measures. 

Example of the Phylum Protozoa — 
ELPHIDIUM (POLTSTOMELLA) 

Habit and Habitat. Elphidium is a 
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marine protozoa and is very common 
on the shore. 

Structure. Body of the Elphidium is 
covered with a perforated calcareous shell 
or crest and it looks more or less like 
an ammonite shell in miniature. The shell 
consists of a number of chambers, arrang- 
ed in a flat spiral and the surface of the 
shell is chiselled. Only the last whorl is 
visible from outside as each whorl is 
equitant, i.e. overlaps the previous whorl 
at the sides and hides it. The chambers 
are interconnected with each other through 
minute pores. The outer whorl opens to 
the outside by a row of large pores. The 
chambers are filled with protoplasm 
which is granular in nature. A thin layer 
of protoplasm covers the outerside of the 
shell. Pseudopodia are long, slender. 


guishable from each other but differ in 
internal organisation. In megalospheric 
form the central chamber or initial cham- 
ber is large (megalosphere) and bears a 
large single nucleus while in the micro- 
spheric form the central chamber is small 
(microsphere) and contains many small 
nuclei. The preponderance of megalo- 
spheric forms is about thirty times more 
than that of the microspheric forms. 

Nutrition. Elphidium exhibits holozoic 
nutrition and feeds chiefly on diatoms, flage- 
llates and unicellular algae. The pseudo- 
podia are used in catching and entangling 
the food particles. The food entangled by 
the pseudopodia may be digested within 
the cytoplasm outside the tost or it may be 
carried by the flowing cytoplasm to the 
chambers for digestion there. 



Fig. 9 .25. Elphidium strigilates {Poly Cornelia). Note the numerous thread-like pseudopo^ia (after Kudo). 


qjften branched and come out from the 
pores of the shell as well as from the 
external layer of protoplasm (Fig. 9.25). 
The pseudopodia unite to form networks. 

Elphidium is dimorphic and occurs in 
two forms, Megalospheric and Microspheric. 
The two forms are outwardly indistin- 


Reproduction. Elphidium represents 
an alternation of generation in its life his- 
tory (Fig. 9.26). The megalospheric forms 
alternate with the microspheric forms. The 
microspheric forms always develop from 
zygotes. The microspheric forms give rise 
to megalospheric forms which in turn 
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produce gametes. That means there is 
always an alternation of asexual and sexual 
generations. 

The microspheric form divides asexually. 
The inner protoplasmic mass containing 
several nuclei creeps out of the shell and 
remains as a lump around it. A small 
amount of cytoplasm collects round each 
nucleus. As a result, a large number of 
small amoeboid cells are formed. Each 
of these cells develops into a mcgalospheric 
form . 

During reproduction in mcgalospheric 
forms, the nucleus first breaks up into many 
small nuclei and the cytoplasm collects 


Example of the Phylum Protozoa — 
PLASMODIUM 

Members of the genus Plasmodium are 
collectively known as Malarial parasites be- 
cause they cause a febrile disease called 
malaria. In the definitive host, i.e. man 
and other vertebrates, they invade the 
rcticulo-endothelial system and in the 
intermediate host, i.e. female Anopheles, 
mosquito, they reside in the salivary 
glands. 

Malaria as a chill and fever disease is 
known to mankind for a long time. The 
role of malaria in bringing about a turn 
in the history of Rome and Greece is 



Fig. 9 . 26 . Life cycle of Elphidium crispa (after Kudo). 


round each of these nuclei. The nuclei 
divide twice resulting into a large number 
of tiny cells. The cells develop flagella 
and come out of the shell and conjugate 
in pairs (Isogamy, i.e. fusion of similar 
gametes). The zygote thus formed deve- 
lops into microspheric forms. The first 
division of the zygote is, however, reduc- 
tional. 

In some cases two mcgalospheric indivi- 
duals are formed by direct fission of a 
mcgalospheric form. 


advocated by many historians. The rava- 
ges of malaria entered these countries 
through the slaves imported from Africa. 
There exists a great malaria belt round the 
earth at the equator extending north and 
south to about fortieth parallels. The 
menace of malaria 4s a great hindrance 
towards the full utilisation of the resources 
of Africa and South America. Eradication 
of malaria is still a pioneer problem in 
public health. 

Charles Lavcran in 1880 discovered in 
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the red blood cells of a patient suffering 
from this chill and fever disease, the pre- 
sence of some amoeba like organisms and 
he termed them Plasmodium . He injected 
the blood of a malaria patient into the 
blood stream of a healthy man and observ- 
ed that fever develops in the injected man. 
Later on, many observers like Golgi and 
Celli confirmed the observations of Lave- 
ran. But its connection with the inter- 
mediate host and modes of transmission 


were experimentally worked out in Cal- 
cutta by Sir Ronald Ross in 1889. It is 
to the credit of Grassi (1890) who provided 
absolute scientific proof of the specific 
relationship between Anopheles mosquito 
and the human malarial parasites. 

PLASMODIUM VIVAX. The life cycle 
of plasmodium may be divided in the 
following stages (Fig. 9.27). 



Fig. 9.27. Life cycle of a malarial parasite ( Plasmodium vivax), A-C. Prc-crythrocytic cycle in liver cells. 
D-J. Erythrocytic cycle. K-S. Sexual cycle (begins in man and completes only within mosquito). T. 
Fertilisation. U. Zygote. V. Ookinete (piercing the stomach wall of mosquito). W-Z. Development of 
sporozoites. 
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I. Pre-erythrocytic 
cycle 

II. Erythrocytic cycle yin man, 

III. Exo-erythrocytic 
cycle 

IV. Sexual cycle ... in female Ano- 

pheles mosquito. 

I. Pre-erythrocytic cycle. The 

parasites are inoculated as sporozoites by 
the bite of the infected female Anopheles 
mosquito in the blood stream of man. 
The sporozoites are slender and spindle- 
shaped individuals measuring 15 micra in 
length and 1 micron in breadth. Within 
half an hour of their entry into the blood 
stream of man, the sporozoites take refuge 
in the liver paranchyma cells. The sporo- 
zoites remain within the parenchyma cells 
for about seven days. During this period, 
each sporozoite develops into a Schizont , 
which carries on multiple fission or schi- 
zogony. This phase of multiplication 
within the parenchyma cells is called Pre- 
erythrocytic cycle . Each schizont produces 
about 12000 merozoites. These pre- 
erythrocytic inerozoites are set free by the 
rupture of the schizont. Newly produced 
merozoites go to liver sinusoids from where 
they invade fresh parenchyma cells or 
red blood corpuscles. 

II. Erythrocytic cycle. Inside the 


red blood corpuscles the merozoites round 
up and soon develop into trophozoites . 
The young trophozoite grows at the 
expense of the red blood cells. It absorbs 
haemoglobin both by general body sur- 
face and pseudopodia. Soon after the entry 
of the merozoitc into the corpuscle, a non- 
contractile vacuole develops in its body 
and the nucleus is pushed to one side. 
The shape of the trophozoites resembles a ‘ 
ring at this stage and is called signet- 
ring stage. The vacuole disappears 
with further growth. A full-grown tro- 
phozoite assumes a round shape and occu- 
pies the whole of the RBG. They are found 
to contain yellowish brown haemoglobin 
pigment. In about 48 hours a trophozoite 
becomes full-grown and it multiplies by 
schizogony. When the schizont bursts a 
number of erythrocytic merozoites (approx. 
16) are set free. These inerozoites enter 
fresh red blood corpuscles and the cycle 
is repeated (Fig. 9.28). 

III. Exo-erythrocytic cycle. The 

erythrocytic merozoites entering the fresh 
RBG carry on exo-erythrocytic schizogony 
and as a result each schizont produces 
about 1,000 exo-erythrocytic merozoites. 
These inerozoites invade fresh RBG. In 
the RBG the merozoites carry on ery- 
throcytic cycle. This cxo-erythrocytic cycle 



Fig. 9.28. Temperature cylc in malaria caused by Plasmodium vivax (after Sherman). Note the changes in 
the erythrocytic trophozoites corresponding to the changes in body temperature. 
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Was recorded in monkey, where malaria 
i$ caused by Plasmodium cynomolgi , As 
P. cynomolgi is very much similar to P . 
vivaxy it is assumed that an identical 
exo-erythrocytic cycle also occurs in man. 

IV. Sexual cycle. Some of the mero- 
zoites behave differently from those which 
repeat schizogony in KB C. At the end of 
their trophic phase they do not divide but 
come out into the plasma by rupturing the 
red blood cells. These individuals are 
designated as gamonts or gametocytes. There 
are two forms of full-grown gametocytes — 
the female or macrogametocyle and male or 
microgametocyte . The macrogametocy tes 
are larger in size compared to the micro- 
gametocytes, take deep stain and contain 
many pigment granules. The nucleus is 
round and is situated marginally. The 
microgametocyte takes faint stain and the 
nucleus is centrally located. Further deve- 
lopment of the gamonts does not take 
place within human body. When a female 
Anopheles mosquito bites an infected 
man, the ingested blood fills her stomach. 
All other forms excepting the gametocytes 
die in the stomach. In the stomach the 
macrogametocyte becomes spherical and 
transforms into the macrogamete ready to be 
fertilised. The changes in the microgameto- 
cyte are more marked. Five minutes after 
ingestion it becomes spherical and five to 
six filamentous motile appendages emerge. 
This process is called exflagellation. These 
appendages are not true flagella but arc 
male individuals or microgametes. The 
microgametes become free and start mov- 
ing towards macrogamctes and ultimately 
one microgamete fertilises one macro- 
gamete. Fertilisation has been seen to 
occur ten minutes after the ingestion of 
blood. 

The fertilised macrogamete or zygote 
becomes elongated in shape and motile in 
habit after 24 hours. In this new state 
it is called the ookinete or vermicule. The 
ookinete forces its way through the internal 
lining of the stomach of the mosquito and 
comes to rest in the subepithelial tissue. 
The ookinete in this new site becomes 
round and encased in a covering or cyst 
derived partly from stomach tissue and 
partly from its own secretion. The ooki- 
nete is now termed the oocyst or sporonl. 
Howard's [Howard, L. (1960) studies on 


the mechanism of infection of mosquitoes 
by malaria parasites, D.P.H. Thesis, John 
Hopkins University.] is of the opinion that 
only the zygotes that remain in the peri- 
phery of the blood meal of the mosquito 
become lodged between the cells of the 
mosquito stomach wall to develop as 
oocysts. Those zygotes who fail to get 
shelter in the stomach wall of the mosquito 
develop into ookinete . The ookinete 
is voided with the faeces and as such they 
are nothing but dying parasites. Thus 
according to Howard “The long-held 
assumption that ookinete is motile invasive 
zygote is an example of a concept based 
on observations which were never made”. 
Oocyst formation becomes complete after 
48 hours of ingestion. The oocyst increases 
in size and measures 6-7 micra. The 
oocysts bulge on the outer wall of the 
stomach towards the hacmococlc and 
render the stomach wall blistered. In 
severe infections as many as 5,000 cysts 
may be seen. After about seven days a 
number of lobes are formed in the oocyst 
and sporogony occurs. During which the 
zygote nucleus divides into a number of 
nuclei. The first division of the zygote is 
believed to be mciotic in nature. Portions 
of protoplasm of the oocyst collect round 
each nucleus and thousands of daughter 
individuals called sporozoites arc formed. 
The muscular wall enveloping the oocyst 
bursts and cluster of sporozoites arc libe- 
rated in the haemococle. The sporozoites 
find their w r ay into the salivary glands of 
the mosquito. 


They are introduced into human body 
when the mosquito injects saliva during a 
bite. 


OTHER MALARIAL PARASITES 

The members of the geniis Plasmodium 
are recognised as the causative agent of 
malaria in man. They are) P. vivax , P. 
malariae, P. falciparum and if. ovale . They 
cause Benign tertian, Quartan, Malignant 
tertian and Ovale tertian Tcver respec- 
tively. In Benign tertian outbreak of fever 
occurs every other day, in quartan fever 
the outbreak sets in every tliird day while 
malignant malaria is irregular occurring 
almost daily and is often fatal. Chief 
differences between the four species are 
tabulated in Table 5 — Protozoa. 
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Table 5 — Protozoa 

Chief differences between the four malarial parasites 



P. vivax 

| P. malariae 

P. ovale 

P. falciparum 

1 . Period of incubation 

11-14 days 

18-21 days 

9 days 

9-12 days 

2. Period of Schizogony 

48 hours 

72 hours 

48 hours 

24-48 hours 

3. Number of merozoites 

12-24 

6-12 

6-12 

18-24 

4. Arrangement of merozoites 

In two rings 

Rosscttelike 

Irregular 

Irregular 

5. Shape of gametocyte 

Round 

Round 

Oval 

Crescent 

6. Pigments 

Yellowish 

brown 

Dark brown 

Dark yello- 
wish brown 

Dark brown 


Example of the Phylum Protozoa — 

MONOCYSTIS 
Habit and Habitat. Monocystis lives 
as an endoparasite in the seminai vesicle of 
earthworm*. . The various phases of its 
life cycle become complete within the 
seminal vesicle. 

Structure. The trophozoites are fusi- 
form in shape (Fig. 9.29). The outer 
covering of the body is called the pellicle 



Fig. 9.29. Trophozoites of Monocystis . 

which is smooth and thick. Within the 
pellicle the cytoplasm is differentiated 
into an outer non-gTanular cortex or ecto- 
plasm and an inner granular medulla or 
endoplasm. The endoplasm is rich in 
granules of glycogen-like carbohydrate, 
lipid droplets and other inclusions. Just 


below the pellicle, there are fibre-like 
contractile structures called myonemes. The 
nucleus is placed centrally. Food vacuoles 
and contractile vacuoles are absent. 

Locomotion. The wriggling move- 
ment of the otherwise sluggish monocystis 
is brought about by the contraction and 
expansion of the myonemes which are 
arranged in lines below the pellicle. The 
movement is slow but strong. The type 
of locomotion encountered in Monocystis 
is called gregarine movement. 

Nutrition. As an endoparasite the tro- 
phozoites of Monocystis live at the expense 
of the protoplasm of the sperm morula 
which remains stored in the seminal 
vesicle. 

The torphozoites secrete digestive en- 
zymes which act on the surrounding sperm 
cells of the earthworm and render them 
assimilable. The nutrient substances thus 
produced are absorbed through the whole 
cell surface or pellicle. Thus digestion in 
Monocystis is extracellular and the mode of 
nutrition is saprozoic . 

Respiration. Monocystis respires by 
the process of diffusion. As the parasite 
lives within the body of the earthworm the 
chance of getting free oxygen is very re- 
mote. It is presumed that Monocystis gets 
its oxygen supply cither by the process oi 
fermentation of carbohydrate occurring in 
the body of the host -or from the seminal 
vesicle, which gets" its quota of oxygen 
from the blood of earthw orm. The carbon 
dioxide produced diffuses out from the 
body and is finally eliminated through 
the blood of the host. 
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Excretion. The metabolic wastes 
diffuse out of the body of Monocystis into 
the host tissue and are eliminated by the 
excretory organs of the host. 


along the periphery of each gametocyte. 
Each nucleus collects a little mass of 
cytoplasm round it and becomes a gamete 
(Fig. 9.30G). The gametes produced in 


gametocytes 



gametocyst 



nuclear 
fragments B 



Fig. 9.30. Stages of life history in Monocystis . 

A. Gametocytes within the gametocyst. B. & C. Formation of gametes by multiple fissions. 


Reproduction. Monocystis reproduces 
sexually and the process is always followed 
by asexual reproduction. In fact, the two 
processes arc interdependent. 

Sexual reproduction. During sexual 
reproduction two mature trophozoites call- 
ed gametocytes or gamonls cornc close 
together and secrete around themselves a 
double-walled cyst. The cyst is called 
gametocyst or gamontocysts .( Fig. 9.30A). The 
nucleus of each gametocyte divides a 
number of times and produces large num- 
ber of daughter nuclei (Fig. 9.30B). The 
final nuclear division in case of Monocystis 
rostrata is meiotic or reductional in nature. 
The nuclei thus formed become arranged 


each gametocyte are equal in number and 
similar in shape. Finally, the line of 
demarcation between the gametocytes 
breaks and the gamete of one gametocyte 
fuses with the gamete of the other 
gametocyte. The fusion results in the 
formation of a zygote (Fig. 9. 3 ID). The 
zygote formed inside a gametocyst is 
equal in number to the gametes present 
in each gametocyte. 

Asexual reproduction. The zygote which 
is called sporont or spor oblast secretes a 
hard covering round it. The covering is 
called zygocyst. The crysted zygote is now 
called the pseudonavicclla for its boat-shaped 
appearance and resemblance to the genus 



Fig. 9.31. Stages of life history in Monocystis (contd.) 

D. Formation of zygotes by the fusion of two individual gametes. E. Gametocyst enclosing pseudonavi- 
ceilae. F. Sporozoites within a pseudonavicella. 
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Nauicella (Fig. 9.31 E). Within the zygo- 
cysts the zygote undergoes three successive 
divisions two of which are meiotic and one 
mitotic and as a result eight fusiform sporo- 
zoites are formed (Fig. 9.3 IF) . On reaching 
the seminal vesicle of another earthworm 
the cyst wall breaks and the sporozoites 
are liberated (Fig. 9.32G). The sporozoites 
infect a sperm mother cell and leads an 
intracellular life (Fig. 9.32FI). After some 
time it comes out of the cell in the seminal 
vesicle. It then resembles a trophozoite 
in appearance, but numerous tails of the 
earthworm sperms project from its surface 
(Fig. 9.321). Soon it sheds off those tails 




Fig. 9.32. Stages of life history in Aionocystis 
(contd.) 

G. Liberation of sporozoites (8 in number) from 
the pseudonavicellar case. H. A young intracellular 
trophozoite. I. A young trophozoite. J. An adult 
trophozoite. 


and becomes a trophozoite (Fig. 9.32J) 
and thus the life cycle becomes completed 
(Fig. 9.33). These trophozoites are haploid 
individuals and the gametes arc haploid. 
This zygote is the only diploid stage in the 
life cycle. 

Transmission. The transmission of 
the sporocysts from one earthworm to 
another is a matter of speculation and the * 
following possibilities are advocated: 

(i) When an earthworm, infested with 
the parasites, dies the sporocysts are 
liberated in the soil. 

(ii) When an infested earthworm is 
eaten up by a bird, the resistant sporocysts 
are not digested and come out to the 
soil along with the faeces of the birds. 
When the soil containing the sporocysts is 
swallowed by an earthworm the cyst wall 
gets dissolved in the intestine and sporo- 
zoites make their way into the seminal 
vesicle. 

(Hi) The third possibility is that the 
sporocysts arc transferred from one host 
to another during copulation or exchange 
of sperms from the seminal vesicle of one 
earthworm to ano ther. 

Example of the Phylum Protozoa — 
PAR AM OECI UM 

Habit and Habitat. Paramoecium i 
popularly known as the slipper animal- 
cule for its peculiar shape, is found in 
abundance in stagnant ponds and organic 
infusions. They can be seen with naked 
eyes as white specks moving about very 
rapidly in the medium. Paramoecium is 
cultured in the laboratory in hay infusions. 
The type described here is known as 
Paramoecium caudalum . 

Structure. It measures about 025 
mm in length. Body is somewhat cylindri- 
cal but flattened (Fig. 9.34). One end of 
the body is slender and blunt and remains 
foremost during locomotion. Obviously 
this is the anterior end. The other end or 
the posterior end is thick and pointed. The 
surface of the body which is with a groove 
and always faces the substratum is called 
the oral or ventral, surface while the 
opposite is aboral or dorsal surface. 

Body is covered with a distinct, tough 
and flexible Pellicle . The pellicle is sculp- 
tured into hexagonal depressions (Fig. 
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Fig. 9.33. Life cycle of Monocystis. 


9.35A). The depressions are provided with 
holes at the centre through which the 
cilia project. Each ciliuin originates from 
a basal granule situated in the cortex. 
The basal granules arc inter-connected 
with each other through fibres called 
muroneme. Each cilium is made up of an 
axial filament, the axoneme , surrounded by a 
protoplasmic sheath. The section of a 
cilium under electron microscope sjiows 
the presence of nine ‘B 5 -shaped circularly 
arranged filament and a similar single 
cylindrical filament at the centre (see 
Fig. 9.51). The cilia arc arranged in 
longitudinal rows. Beneath the pel- 
licle the protoplasm is differentiated into 
cortex and medulla. The cortex or ecto- 
plasm is clear, non-granular, less extensive 
and contains many spindle-shaped bodies 
called trichocysts . Trichocysts are about 
1/100 mm in size and are arranged as 
rows of sacs having their closed sides 
towards the inner layer. The trichocysts 
are filled with homogeneous, refractive 
and semi-fluid substances. On being 
stimulated the content comes out through 
small openings on the ridges of the 
pellicle. When the stimulations are very 
strong the trichocysts themselves are 
expelled out of the body as long threads 
(Fig. 9.35B). In the anterior side of the 
body the cilia are arranged in a spirally 
twisted course. The cilia lining the gullet 
are larger in size. A special ciliary struc- 
ture called penniculus is formed by the 


fusion of four rows of cilia. Two such pen- 
niculi are seen in the gullet region (Fig. 
9.35G). The medulla or endoplasm is 
granular and bears at the centre the nuc- 
lear apparatus consisting of a large kidney- 
shaped macronucleus and a small round 
micronucleus is placed in the concavity of 
the macronucleus. The* macronucleus is 
concerned with ordinary life processes while 
the micronucleus looks after the reproduc- 
tive part. There are two star-shaped con- 
tractile vacuoles , situated one on either end 
of the body. Each vacuole consists of a 
large central vesicle into which open a 
number of radiating canals. Food vacuoles 
are many and contain inside them food 
particles at different stages of digestion. 

On the ventral side of the body is 
situated the oral groove (Fig. 9.35D), which 
runs obliquely backward and opens into 
a funnel-shaped depression called the 
gullet or cytopharynx through an aperture 
called cylostome. Undigested food particles 
are eliminated through a ^definite anal spot 
(or cytopyge) situated posterior to the 
mouth. I 

* 

Locomotion. Paramoecium exhibits two 
types of movement — (a) Creeping and 
(b) Swimming. 

Creeping. During creeping move- 
ment the animal uses its cilia of the oral 
surface as miniature legs and simply glides 
over the obstacles. As the pellicle is thin 
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Pig. 9.34. Paramoeciurn caudatum. The pellicle is 
partly removed to show the internal organisation. 


and elastic the animal can easily bend and 
squeeze through gaps narrower than its 
own body diameter. 

Swimming. The animal can swim 
forwards and backwards. Individual cilium 
of a progressing animal bends throughout 
its length and strikes the water and thus 
the animal moves in a direction opposite 
to the effective stroke and water moves in 
the direction of the stroke. That means, 
if the animal intends to move forward it 
holds the cilia inclined backwards and 
then makes rapid, concerted and re- 
8 [vol. i *76 ] 


peated strokes. The animal swims in an 
elongated spiral path and the individual 
body rotates upon its own longitudinal 
axis. This is possible due to the longi- 
tudinal arrangement of cilia on the body 
surface (Fig. 9.36). 

The organised movement of cilia is 
controlled by the neuronema or the neuro- 
motor system in the body. 

Nutrition. Paramoeciurn is a typi- 
cally holozoic animal. It feeds on other 
protozoa, bacteria and minute particles 
of animal and vegetable matter suspended 
in the medium. The cilia lining the oral 
groove perform a great role in capturing 
food particles. During ingestion these 
cilia make a co-ordinated beating and as 
a result a continuous current of water 
containing food particles passes down the 
gullet. The food particles are believed to 
be paralysed by the toxic product of the 
trichocysts. The food particles arc collect- 
ed at the bottom of the gullet and are 
worked into balls by the cilia. These 
foodballs or bolus, along with some water, 
pass through the cytostome to form 
food vacuoles in the endoplasm. The for- 
mation ol the food vacuole is a continuous 
process and as soon as one food vacuole 
detaches from the gullet another one 
starts forming. The food vacuoles move in 
a definite course of circulation or cyclosis 
inside the endoplasm by its streaming 
movement. The food vacuoles first travel 
to the posterior end then take a turn and 
travel anteriorly. They reach the anterior 
border of endoplasm and travel back and 
come to the middle of the body to com- 
plete the circulation. The colour of the 
contents gradually changes from green 
to yellow. The food is digested during the 
sojourn and the mode of digestion is 
similar to that of Amoeba. The animals 
cannot digest fat. Undigested residue of 
food is thrown out through the cytopyge 
or cell anus situated on the ventero-pos- 
terior surface. The cell anus is only 
visible during the act of excrement. 

Respiration. Oxygen, dissolved in 
water, enters the body through the surface 
by diffusion and carbon dioxide comes out 
in the same manner. * 

Osmoregulation and Excretion. 

The two contractile vacuoles are effective 
osmoregulatory organelles. Each contrac- 
tile vacuole is provided with 6-11 radiating 
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Fig. 9.35- Various structures of Paramoecium (modified from various sources). 

A. A highly magnified view of the pellicle. B. A discharged trichocyst. C. The lihrillar system around 
cytopharynx. D. Transverse section through the cytopharynx. 


or inhalent canals which go deep into the 
endoplasm and collect excess of water. 
The inhalent canals pour their contents 
into the central vacuole which after 
attaining maximum size bursts to liberate 
the contents outside the body. Concurrent 
contraction of the two central vacuoles does 
not take place. The time lapse between 
the contraction of two vacuoles is usually 
10-12 seconds. 

Some workers consider the radiating 
canals as formative vacuoles. They have put 
forward the view that after the contrac- 
tion of the central vacuole, the formative 
vacuoles come together and fuse at their 
inner ends to form a new cenlral vacuole 
round which new formative cabals gra- 
dually develop. 

Reproduction. Paramoecium repro- 
duces both by asexual and sexual methods. 

Asexual reproduction. It takes place 
by transverse binary fission and is the 
common mode of reproduction (Fig. 
9.37), During binary fission the micro- 
nucleus divides eumitotically , i.e. by passing 
through all the stages of mitosis and the 
macronucleus divides amitotically. The pro- 


ducts of these divisions are two macro- 
nuclei and two micronuHei. One macro- 
nucleus and one inicronucleus go to the 
anterior part while the other pair go to the 
posterior part. Finally, a constriction 
appears in the middle of the body of the 
animal and two daughter paramoecia are 
formed. The oral groove is usually in- 
herited by the daughter at the anterior end. 
However, in both of them the division is 
always followed by regeneration of lost 
parts. The whole process of division nor- 
mally takes about 2 hours. The rate of 
division is dependent on availability of 
food and on temperature. Two to three 
divisions arc not: uncommon in 24 hours 
time. \ 

Sexual reproduction. \ After prac- 
tising binary fission for ;a considerable 
number of generations, fie paramoecia 
make a nuclear reorganisation by conju- 
gation or mating (Fig. 9.38)L 

During conjugation two individuals 
called conjugants or gametoeytes come close 
together and pair by the ventral surface. 
The interlocking between them is made 
stronger by the gullets which degenerate to 
form a protoplasmic bridge between them. 
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The paired conjugants are, however, cap- gameto genesis of higher animals. These 
able of movement. Soon a series of changes nuclear changes are: 



Fig. 9.36. A. Co-ordinated beating of cilia in a 
part of the body of Paramoecium. B. Course of pro- 
gress of Paramoecium durihg locomotion. Note 
that the body rotates on its own axis during the 
forward movement. 

occur in the nuclei of both the conjugants 
which are to some extent comparable to 


(I) The macronucleus undergoes gra- 
dual disintegration and ultimately dis- 
appears. 

(II) Hie micronucleus undergoes two 
successive divisions forming four micro- 
nuclei in each of the conjugants. One of 
the divisions is probably ineiotic in nature. 

(III) Three of these four micronuclei 
in each conjugant degenerate and the 
remaining one undergoes an unequal divi- 
sion to form two gamete nuclei. One of 
the gamete nuclei is large and is called the 
stationary nucleus while the small one is 
called the migratory nucleus . 

(IV) The migratory nucleus of one con- 
jugant goes to the stationary nucleus of 
the otjiev and vice versa througli the 
protoplasmic bridge. 

(V) The migratory nucleus of one 
conjugant ultimately unites with the 
stationary nucleus of the other and forms 
the zygote nucleus. 

(VI) The conjugants with the zygote 
nucleus now separate and are called ex - 
conjugants. 

(VII) In each exconjugant the zygote 
nucleus undergoes three successive divi- 
sions forming eight nuclei. 

(VIII) Of these eight nuclei four become 
macronuclci and four become micro- 
nuclei. Lata on three of the four micro- 
nuclei degenerate leaving behind one active 
rnicronucleus. 

(IX) The rnicronucleus dividesand cyto- 
plasmic division follows resulting into two 
paramoecia from each exconjugant and 
each of the two paramoecia is provided 
with two macronuclei and one micro- 
nucleus. 

(X) The rnicronucleus divides again, 
followed by the cytoplasmic division, re- 
sulting four paramoecia each with one 
micro- and one macronucleus. 

(XI) Thus from each exconjugant four 
paramoecia are formed. 

Mating type. In Paramoecium aurelia> 
two kinds of individuals, having consi- 
derable sexual differentiation, are present. 
The members of these different classes 
conjugate with each other but the members 
of same class do not. The members of the 
class which do not conjugate amongst 
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themselves are progeny of one of the two micronuclei degenerate and the remaining 
individuals formed by the first divisions of one divides for the third time producing 
exconjugants and incidentally are all two functional nuclei . The functional nuclei 
equipped with same and identical cons- travel to the paraoral cone and fuse to form 

titution. The classes which conjugate the synkaryon. Paraoral cone forms as a 

have been termed as mating types. Presence projection at the level of oral groove. The 

of such mating types in Paramoecium synkaryon divides twice to form four 

caudatum has also been observed. nuclei. Two of these four nuclei now 

metamorphose into macronuclci. The old 
Autogamy. This is a sort of regularly macronucleus in the mean time undergoes 
recurring nuclear reorganisation in solitary fragmentation and disintegration. By 

Paramoecium aurelia. Some of these nuclear another division of the cell and micronu- 
changes are almost identical to the changes c l eus two paramoecia are lormed having 
which occur during conjugation. The chief normal nuclear apparatus, 
difference is that fusion occurs between In conjugation, possibilities are there 



Fig. 9.37. Binary fission (transverse) in Paramoecium. Entire process is completed within two hours 
(after Kudo) . 


two nuclei which originate in a single for variation whereas autogamy gives pure 
paramoecium. The phenomenon has lines. It has been observed that autogamy 
been termed autogamy (Fig. 9.39). In occurs after the emergence of a depression 
Paramoecium aurelia there are two micro- stage in the individual. This depression 
nuclei and one macronucleus. During the stage is always indicated by an increase 
process the two micronuclei divide twice of volume and definite sluggishness on the 
forming eight micronuclei. Seven of these part of the animal. 
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Fig. 9.38. Stages of conjugation in (diagrammatic). Note that two individuals (shown 

in different shades) come together, exchange their nuclear material and then separate. Each individual 


ultimately produces four daughter paramoecia. 


Irritability 

(I) Response to mechanical stimuli. 

In Paramoecium the anterior end is more 
sensitive than the posterior end and offers 
positive or negative responses. 

(II) Response to gravity. Paramoecium 
exhibits negative reaction to gravity and 
in a culture jar resides just below the 
surface of the medium. 

(Ill) Response to chemical stimuli. 

Paramoecium shows positive reaction to 
weak chemical solutions of acids and 
negative reaction above certain concen- 
tration. Paramoecium can thrive in a drop 
of medium containing 0*02 per cent acetic 
acid but if the concentration of the acid is 
increased the animal moves away and takes 
refuge in the periphery where the acid is 
diluted by the surrounding water. 


(IV) Response to electrical stimuli. 

Paramoecium moves to the anode when 
electric current is passed through the 
medium where it lives. 


Example of the Phylum Protozoa — 

VORTICELLA 

Habit and Habitat* Vorticella is 
popularly known as bell animalcule. It 
grows on the stems of fresh water or marine 
plants and appears as white fringes to the 
unaided eyes. Vorticella is solitary but its 
related form Carchesiurit arc colonial. 

Structure. Structures of vorticella 
suggest an inverted solid bell having a 
long handle (Fig. 9.40A). The base of the 
handle or stalk remains fixed to the object 
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of anchorage and is capable of contrac- 
tion. The handle is formed by a prolonga- 
tion of the body, encased in cuticle and it 
contracts by means of myoneme. The bell 
is provided with a thick margin. The 



Fig. 9.39. Autogamy in Paratnoecium aurelia . A-E. 
Macronucleus gradually degenerates and the 
two micronuclei divide repeatedly. F. Two 
daughter micronuclei enter within a conical pro- 
jection. G. These two unite while the others 
degenerate. H, I. The fused nucleus divides twice 
to produce four nuclei. J. Two of the nuclei deve- 
lop into macronuclei and the remaining two divide 
again. The individual divides into two, each gets 
one macronucleus and two micronuclei. 


depressed disc-like structure within the 
margin is called the peristome \ The 



of their stalks. B. Magnified viey of the upper end 
of an individual. 

depression bears an opening which leads 
into a distinct passage called the vestibule 
(Fig. 9.40B). A permanent anus or cyto- 
pyge is situated close to the vestibule. 
Cilia are restricted to the mouth region 
and are arranged in inner and outer 
concentric rows and form an undulating 



PHYLUM PROTO Z A 


lid 


membrane in the vestibule. The cilia 
have the usual structural pattern. The 
macronucleus is large and horseshoe-shaped 
while the micronucleus is small and round. 
A single contractile vacuole is present, though 
food-vacuoles arc many. 

Reproduction. Vorticella reproduces 
both asexually and sexually (Fig. 9.41). 



Fig. 9.41. Different modes of reproduction 
Vorticella (after Borradaile). . 

A. Longitudinal fission (right shows the begin- 
ning and left represents the end of division). B. 
Telotroch or bud of Vorticella . C. Sexual repro- 
duction. 1. Formation of macro- and microzooids. 

2. A macrozooid approached by three microzooids. 

3. Fusion of a microzooid with a macrozooid. 

Asexual reproduction takes place by 
means of usually unequal longitudinal binary 
fission . During division the body shortens 


and its nuclei divide first. The macronu- 
cleus divides amitotically and micronucleus 
divides mitotically. The bell divides into 
two halves by a vertical constriction which 
begins in the middle of the free end. One 
of the halves develops a basal circlet of 
cilia and separates forming a new free 
living individual. After some time it 
fixes itself by means of a short adhesive # 
disc called scopula. From the scopula a 
new stalk arises and the individual meta- 
morphoses into adult. The free-swimming 
stage is called telotroch. Sometimes vorti- 
cella grows a posterior circlet of cilia and 
detaches from the stalk to lead a free 
swimming life. 

Sexual reproduction is performed by 
conjugation. As gametes arc of unequal 
sizes the reproduction is called anisogamy. 
Each individual divides thrice forming 
eight microzooids. The microzooids swim 
about by means of posterior girdle of cilia. 
It differs from telotroch in being much 
smaller in size. The microzooids survive 
only for 24 hours and must conjugate with 
macrogamcte within the period. The 
stationary macrogamete resembles the 
normal form. It is able to attract the 
microgamete for two hours. The micro- 
gamete during conjugation fixes itself on 
the lower part of the macrogamete. The 
macronuclei of both the gametes disappear 
and their micronuclei reorganise to form 
male and female pronuclei. When the 
partition wall between the two dissolves, 
the two pronuclei unite to form synkaryon 
or zygote nucleus. The fertilised individual 
is called zygote. From the zygote develops 
a new vorticella. 

Example of the Phylum Protozoa-— 

BALANTIDIUM COLI 

It is the only cilia te that parasitises man 
and pig. 

Habit and Habitat. This largest 
protozoon of the human intestine inhabits 
the caecum and ascending colon. 

Structure. The body is egg-shaped 
(Fig. 9.42 A). The anterior end is pointed 
and the posterior end is round. The length 
of the body is 68-134 micra and width is 
44-89 micra. The buter limiting surface, 
pellicle is rigid. Cilia are embedded in lon- 
gitudinal rows. Near the middle of the 
frontal extremity the pellicle bears a funnel- 
shaped depression called peristome . The 
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peristome is provided with an aperture, the 
cytostome at its bottom. The cilia, lining 
the peristome are larger than the rest of 
the body cilia. There are two constantly 
occurring contractile vacuoles and a number 


by mitotic division of the micronucleus 
and amitotic division of the macronucleus. 

Sexual reproduction occurs by conju- 
gation. The process resembles that of 
Paramoecium in minute details. 


peristome^ 


cytostome ■ 


micro 

nucleus- 




y^^^^^macronuclcus 

cyst-wall 


cytopyge 


contractile 
^ vacuole 

? acronucleus 

-pellicle 

^food vacuoles 

■contractile 

vacuole 


Fig. 9.42. Balantidium coli (after Kudo). A. Trophozoite. B. Cyst. 


of food vacuoles . The cytopyge is an inconspi- 
cuous aperture situated at the rear. Em- 
bedded in the cytoplasm there are the krd- 
neyshaped macronucleus and a very small, 
rounded micronucleus hidden within the 
concavity of the macronucleus. The tro- 
phic forms change to cystic forms (Fig. 
9.42B). The cysts are nearly spherical, 
measuring about 55 X 55 sq. micra and the 
walls are thick. The individuals during 
encystment retain cilia and are motile. 

Reproduction. Asexual reproduction 
occurs by transverse fission. It is preceded 


Transmission. Transmission from one 
host to another occurs in encysted condi- 
tion. through drinking water and conta- 
minated food. 

The specific damages done by Balanti- 
dium are not known and no more than 
one-fifth of the infected subjects experiences 
symptoms. So some observers prefer to 
consider it as a commensal. 

The Phylum Protozoa include a large 
variety of forms. The following tables will 
give a comparative account of some of the 
important representatives : 


Table 6 — Protozoa \ 

Comparative account of three different members of phylum protozoa 


Points 


Amoeba 


Euglena 


Par^ioecium 


1. Status 


2. Habitat 


Class — Rhizopodea Class — Phytomas- Class — ifailiatea 

tigophorea 


Lives in fresh water 
ponds and streams. 


Lives in fresh water 
ponds and streams 
and prefers to stay in 
surface water. 


Lives in. fresh water 
ponds and streams. 
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Table 6 (contd.) — P rotozoa 


Points 

Amoeba 

Euglena 

Paramoecium 

3 Morphology — 
(a) Shape 

Irregular 

Fixed, spindle shap- 
ed, anterior end 
broad and posterior 
pointed. 

Fixed, cigar-shaped, 
anterior end broad 
and posterior end 
pointed. 

(b) Size 

About 0*25 mm in 
diameter. 

40-65 fi along the 
long axis. 

Can be seen with 
naked eyes. 0*25 mm. 
along the iong axis. 

(c) Limiting 
membrane 

Plasmalcmma — 
thin and elastic. 

Pellicle, thin, elastic 
and bears parallel 
thickening running 
obliquely. 

Pellicle, thin, elastic 
and with pores for 
the emergence of 
cilia. 

(d) Cytoplas- 
mic differ- 
entiation 

Ectoplasm clear and 
non granular com- 
pared to endoplasm. 

Ectoplasm is less 
dense than the endo- 
plasm. 

Ectoplasm non- gra- 
nular and bears ‘Tri- 
chocysts*, endoplasm 
denser in nature. 

(*) Cytoplas- 
mic inclu- 
sions and 
organella 

Grains of sand and 
granules which are 
protein and fat in 
nature. Single round 
contractile vacuole, 
food vacuoles and 
water vacuoles. 

Stored reserve in- 
clude lipid and para- 
mylum , ch lorophy 1 1 
bearing ‘chromato- 
phores’ of variable 
sizes and number. 
Gytostome funnel- 
shaped and situated 
at the anterior end, 
a gullet joins it to a 
reservoir into which 
opens minute con- ] 
tractile vacuol e s . 
Food vacuole usual- 
ly absent, a single 
active flagellum and 
stigma. 

Reserve food is the 
only cytoplasmic in- 
clusion. An oral 
groove leads into the 
cytopharynx or gul- 
let. A pair of star- 
shaped contractile 
vacuole one each at 
the anterior and pos- 
terior end. Food va- 
cuoles one to many, 
temporary cell anus 
and many cilia round 
the body. 

(/) Nucleus 

Single, lodged cen- 
trally in the endo- 
plasm. 

Single oval nucleus 
situated a little below 
the middle line of the 
body. 

Dimorphic, a bean- 
shaped macronu- 

cleus and a small 
round micronucleus. 

4. Physiology 
(a) Loco- 
motion 

By protrusion of fin- 
ger-like projections 
called Pseudopodia, 
movement is called 
Amoeboid move- 
ment. 

Swims in water in a 
spiral path with the 
help of flagellum. It 
may show ‘Euglenoid 
movement* in which 
waves of contraction 
pass along the body 
like peristaltic move- 
ment. 

Swims in water in a 
zig-zag fashion with 
the concerted beating 
ofeilia. 
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Table 6 (contd.) — P rotozoa 


1 

Points | Amoeba 

i 

Euglena 

Paramoecium 

(A) Nutrition 

i ■ “ 

Holozoic. Diatom, 
bacteria, small pro- 
tozoa serve as food. 
Food is digested in 
temporary food-va- 
cuoles. Undigested 
food particles are 
thrown out. 

Holophytic — it can 
manufacture its own 
food. Holozoic and 
saprophytic modes of 
nutrition are also 
exhibited. 

Holozoic. The cilia 
help in drawing food 
particles in the gullet. 
Digestion in tempo- 
rary food-vacuoles. 
Presence of cyto- 
pyge or temporary 
cell- anus for egestion. 

(c) Respiration 

O a dissolved in 
water enters the body 
by difliusion. 

Same as in amoeba. 

Same as in amoeba. 

(d) Excretion 

Large part of ex- 
cretory matters in the 
form of urea and C0 2 
pass out through 
general body surface. 

CO a , urea passes 
out through general 
body surface. 

CO a , urea passes 
out through general 
body surface. 

(e) Reproduc- 
tion 

Binary iission is the 
usual mode. Cyst 
formation in un- 
favourable condition. 

Longitudinal binary 
fission is the mode. 
Binary fission in cyst 
condition is also en- 
countered. 

Asexual reproduc- 
tion by transverse 
binary fission. Sexual 
reproduction by con- 
jugation. No cyst 
formation. 

(f) Response 
to stimuli 

React to various 
kinds of stimuli— 
namely contact, heat, 
electricity, light, che- 
micals, etc. 

React to various 
kinds of stimuli. 

React to various 
kinds of stimuli. 


Table 7 — Protozoa 


Comparative account of two human parasitic protozoa 


— ( 

Points 1 

! 

Entamoeba histolytica 

PLASMODIUAf vivax 

1. Status 

Class — Rhizopodea 

Glass — Toxoplfcsmca 

2. Disease 
caused 

Amoebiasis leading to ulcer. 

Benign tertian malaria. 

i- - - r 

3. Habitat 

In the colon of man and many 
vertebrates. This intercellular 
parasite invades other vital orga- 
ns in case of heavy infection. 

Inside the red Wood corpuscle 
and liver parenchymal cells of 
man. Sexual forms inside the gut 
and infective forms (sporozoite) 
in the salivary glana of female 
Anopheles mosquito. 
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Table 7 (contd.) — P rotozoa 


Points 

Entamoeba histolytica 

Plasmodium vivax 

4. Structure 

Exists in two forms — trophic 
and cystic. Trophic forms mea- 
sure 20-30 micra. Nucleus in 
stained preparations shows a 
central endosome and peripheral 
granules near the membrane. 
Nucleus measures 3-6 micra. 
Pseudopodia occur as blunt pro- 
jections. Food vacuoles contain 
haemoglobin, cysts measure 6- 20 
micra. Nucleus of the cyst mea- 
sures 3-6 micra. Glycogen and 
chromatoid bars as reserve food 
occur in cysts. 

Appear different at different 
stages. Sporozoites which are 
introduced into the blood stream 
are slender and spindle-shaped 
having small nucleus. Inside 
RBG the sporozoites become 
transformed into Trophozoites. 
Trophozoites appear as rings 
having a cavity inside or they 
may r assume amoeboid shape. 
Often refractile light brown pig- 
ments are found in their cyto- 
plasm. Merozoites are small and 
some of the merozoites give rise 
to garnetocytes. Male gameto- 
cytes are small, measure 6-8 
micra and take light stain. They 
undergo exflagellation. Female 
garnetocytes measure 8-10 micra 
and take deep stain. 

5. Reproduction 

Trophic forms become encysted. 
The nucleus of the cyst divides 
twice forming a tetra- nuclear 
cyst . After breaking the cyst wall 
in the intestine of another man 
eight trophic individuals are 
formed. Excyst men! occurs in 
12-18 hours time. There is no 
sexual reproduction. 

Reproduction is very compli- 
cated. Asexual reproduction in 
man through Schizogony and 
Merogony. Sexual reproduction 
through anisogamy followed by 
sporogony occurs in mosquito. 
Thcic is no cyst formation. 

6. Transmission 

Cysts come out along with the 
faeces of infected man. Fly carries 
the cysts from faeces to food of 
human beings or man becomes 
infected by drinking contaminat- 
ed water. 

Transmission occurs through 
the bite and introduction of 
sporozoites in the blood stream of 
man by female Anopheles mos- 
quito. Garnetocytes develop in 
the gut of mosquito. After ferti- 
lisation the ookinete undergoes 
sporogony. Sporozoites take 
shelter in the salivary gland of 
< mosquito and are introduced into 
j the blood stream during biting. 


Table 8 — Protozoa 

Comparative account of locomotion and its mechanism in three free-living 
r forms of protozoa 


Points 

Amoeba 

Euglena | 

* Paramoecium 

1. Locomotor 
structures 

Pseudo podia — 
which are temporary 
extrusions of 

A single, permanent 
vibratile thread-like 
structure called 

Numerous, perma- 
nent small vibratile 
structures called cilia 
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Table 8 (contd.) — P rotozoa 


Points 

Amoeba 

Euglena 

Paramoegium 


ectoplasm in which 
endoplasm flows 

later. They may be 
produced from any 
point of the body. 

flagellum which is 
always fixed in posi- 
tion. 

arranged in rows 
l along the entire body 
length. About 2,500 
cilia may occur in a 
single individual. 

2. Source of 
Locomotory 
structures 

Ectoplasm is the 
seat in which endo- 
plasm flows later. 

Ectoplasm. 

Ectoplasm. 

3. Appearance 

Pseudopodium 
appears as a blunt 
small projection, the 
outer covering of the 
projection is formed 
by the stretched plas- 
malemma. A hyaline 
cap is beneath the 
membrane. The cap 
is followed by plas- 
magel and plasmasol 
parts of the endo- 
plasm. 

i 

i 

There are two un- 
equal flagella, of 
which the shorter in- 
active one is attached 
to the longer one. 
The longer flagellum 
appears as a long 
whip-like structure. 
It originates from a 
basal granule called 
blepharoplast and 

projects out of the 
anterior end of the 
body. It consists of an 
inner core called 
‘Axoneme’ formed by 
one to three fibrils 
which are covered by 
a thin protoplasmic 
sheath. 

i 

Structurally, the 
cilia are similar to 
the flagella but they 
are short, many in 
number and distri- 
buted all over the 
body. Like the fla- 
gellum, a cilium con- 
sists of a ‘sheath’ and 
an ‘Axoneme’ which 
starts from a basal 
granule . Accord ing 
to some the cilia bear 
at its tip an end 
organ which is an 
a r ge n t o p h i 1 i c 
granule. 

4. Nature of 
movement 

Creeping — this is 
dependent upon a 
direct contact with 
the substratum. 
Movement with the 
help of Pseudopodia 
is called ‘Amoeboid 
movement’. 

j Swimming with the 
help of flagellum 
when periodical loss 
of flagellum occurs it 
crawls along the sub- 
stratum and this 
crawling is called 
j ‘Euglenoid move- 

! ment\ 

I ..... 

Swimming by a 
concerted movement 
of cilia. 

L 

5. Mechanism 
involved in 
locomotion 

To understand this 
the body of the 
amoeba may be di- 
vided into four parts, 
a centrally elongated 
portion called plas- 
masol — covered by 
plasmagel on all 
sides. The elastic 
plasmalemma and a 
hyaline cap between 

The flagellum pro- 
duces rotation of the 
organism on its major 
axis and a gyration 
about an axis for 
maintaining direc- 
tion. Waves pass 
along the flagellum 
spirally and with pro- 
gressive increase of 
amplitude from base 

j 

Co-cjrdinated move- 
ment! of cilia is 
responsible in the 
mechanism. The prin- 
ciple of screw or 
propeller holds good 
but the difference is 
that the beating of 
cilia contributes a 
major forward com- 
ponent of force in 













PHYLUM PROTOZOA 


125 


Table 8 (contd.) — P rotozoa 

Points Amoeba Euglena | Paramoecium 


plasmalernma and 
p 1 a s m a g c 1 . The 
mechanisms of for- 
mation of pseudopo- 
dium involves an 
attachment to the 
substratum, gelation 
of the plasmosol at 
the anterior end, 
solation of the plas- 
magelat the posterior 
cncl and contraction 
of the plasmagel at 
the posterior end. 


CLASSIFICATION 

From the studies of various types which 
are discussed as examples of the phylum, 
it is evident that these single-celled animals 
may be of varied forms. Figure 9.43 
illustrates some interesting representatives 
of the phylum. 

The following is a revised scheme of 
classification of Protozoa which incorpora- 
tes the results of recent research findings. 
In pieparing this revised scheme, refine- 
ment of cytological and microscopical 
techniques and the contribution of elec- 
tron microscopic findings, which added 
new dimensions to the study ol Protozoa, 
have been taken into consideration. 

The following classification is based on 
Honigberg Report (( J. Proto zooL, 1 1 , 7-20, 
1964) and Corliss, 1967 ( Chemical Z 00 ’ 
logy, 1, 1-20, Academic Press). 

CLASSIFICATION IN OUTLINE. 
It is subdivided into four subphyla-- 
Sarcomastigophora , Sporozoa , Cnidospora and 
Ciliophora. 

PHYLUM PROTOZOA 

I. SUTBPHYLUM SARCOMASTIGOPHORA 

A. Superclass mastigophora 

(i) Class Phytomastigophorea 

Order Chrvsomonadtda, e.g. 

Ochromonas 

Order Silicoflagellida , e.g. 

Dictyocha 


to tip resulting two addition to rotation 
component forces, and gyration. A 
The resultant of these spiral path is follow- 
two forces cause rota- ed during swimming, 
tion and gyration. 

In principle the pro- 
pulsion is like that of 
screw or propellant 
movement. 


Order Coccolithophorida , e.g. 
Coccolithus 

Order Heterochlorida , e.g. 
Helerochlor'is 

Order Cryptomonadida , e.g. 
Crypiomonas 

Order Dwoflagellida , e.g. 
Noctiluca 

Order Ebriida , e.g. 

Ebria 

Order Euglenida , e.g. 
Euglena 

Order Chloromonadida , e.g. 

Gonyoslomum 
Order Volvocida , e.g. 

Volvox 

( ii ) Class Zoomastigophorea 

Order Choanojlagellida , e.g. 
Proterospongia 

Order Bicosoecida , e.g. 
Bicosoeca 

Order Rhizomastigida , e.g. 
Dimorpha 

Order Kinetoplastida , e.g. 
Trypanosoma 

Order Retortamonadida , e.g. 
Retortamonas 

Order Diplomonadida , e.g. 
Giardia 

Order Oxymonadida , e.g. 
Oxymonas 

Order Trichomonadida , e.g. 
Trichomonas 
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Order Hypermastigida, e.g. 
Lophomonas 

B. Superclass opalinata 

Order Opalinida , e.g. 
Opalina 

G. Superclass sarcodina 
(/) Glass Rhizopodea 

1 . Subclass Lobosia 

Order Amoebida , e.g. 

Amoeba 

Order Arcellinida , e.g. 
Arcella 

2. Subclass Filosia 

Order Aconchulinida , e.g. 
Penardia 

Order Gromiida , e.g. Grvtnia 

3. Subclass Granuloreticulosia 

Order Athalamida, e.g. 
Biomyxa 

Order Foraminiferida, e.g. 
Elphidium 

Order Xenophycphorida , e.g. 
Stanrwma 

4. Subclass Mycctozoia 

Order Acrasida, e.g. 

Diclyostelium 

Order Eumycetozoida , e.g. 
Physarum 

Order Plasmodiophorida y e.g. 
Plasrnodiopkora 

5. Subclass Labyrinthulia 

Order Labyrintkulida , e.g. 
Labyrinthula 

(ii) Glass Piroplasmea 

Order Piroplasmida, e.g. 
Babesia 

(Hi) Class Actinopodea 

1. Subclass Radiolaria 

Order Porulosida , e.g. 

Bathysphaera 

Order Oculosida, e.g. 
Cystidium 

2. Subclass Acantliaria 

Order Acanthometrida , e.g. 
Acanthometron 


Order Acanlhophraciida , e.g. 
CKatlengeron 

3. Subclass Hcliozoia 

Order Aclinophryida y e.g. 
Actinophrys 

Order Centrohelida , e.g. 
Acanthocysitis 

Order Desmothoracida, e.g. 
Clathrulina 

4. Subclass Proteomyxidia 

Order Proteomyxida y e.g. 
Leptomyxa 


II. SUBPHYLUM SPOROZOA 

(?) Glass Telosporea 

1. Subclass Gregarinia 

Order Archigregarinida y e.g. 
Selenidium 

Order Eugregarinida , e.g. 
Monocystis 

Order Neogregarinida 3 e.g. 
Ophryocystis 

2. Subclass Coccidia 

Order Protococcida , e.g. 
Eucoccidium 

Order Eucoccida , e.g. Eirneria 

(ii) Cl ass Toxoplasmea 

Order Toxoplasmida . e.g. 
Toxoplasma 

(iii) Glass Haplosporea 

Order Haplosporida , e.g. 
Haplosporidium 


III. SUBPHYLUM CNIDOSPORA 

(i) Glass Myxosporidea 

Order Myxosporida , e.g. 
Leptotheca 

Order Actinomyxida , e.g. 
Triactinomyxon 

Order Helicosporida y e.g. 
Ipeticosporidium 


(ii) Glass Microsporidea 

Order Aficrosporida, e.g. 
Nosema 
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IV. subphylum CILIOPHORA 
(t) Glass Ciliatea 

1 . Subclass Holotrichia 

Order Gyrnnostomatida , e.g. 
Didinium 

Order Trkhostomatida y e.g. 
Balantidium 

Order Chotiotrichida , e.g. 
Spirochona 

Order Apostomatida , e.g. 
Foettingeria 

Order Astomatida , e.g. 
Anoplophrya 

Order Hymenostomalida , e.g. 
Te.tr ahymena , 

Par amoec ium 

Order Thigmotrichida , e.g. 
Ancistrocoma 

2. Subclass Peritrichia 

Order Pcritrichida , e.g. 
Vorticella 

3. Subclass Suctoria 

Order Suctorida , e.g. 

Podophrya 

4. Subclass Spirotrichia 

Order Heterotrichida, e.g. 
Spiroslomum 

Order (Migotrichida , e.g. 
Halteria 

Order Tinlinnida, e.g. 
Tintinnidium 

Order Entodiniomorphida, e.g. 
Entodinium 

Order Odontoslomatida , e.g. 
Discomorphella 

Order Hypotrichida , e.g. 
Aspidisca 

CLASSIFICATION WITH CHARAC- 
TERS 

Subphylum SARCOMASTIGOPHORA 

Locomotory structures are present ei- 
ther in the form of flagella, pseudopodia 
or both. Nucleus is usually of single type 
(excepting the developmental stages of 
certain Foraminiferida). No spore forma- 
tion. Sexual reproduction when present 
is through syngamy. It includes three 


superclasses — Mastigophora, Opalinata and 
Sarcodina. 

Superclass mastioophora 

Either solitary or colonial. Presence of 
one or more flagella in trophozoite stage. 
Sexual reproduction is uncommon. Nutri- 
tion may be either phototrophic or hetero- 
trophic or both. It is subdivided into two 
classes — Phytomasligophorea and £oomas- 
tigophorea . 

Class Phytomastigophorea 

Usually possess chromatophores which 
may be secondarily lost. Presence of one 
or two emergent flagella. In some groups 
amoeboid forms occur. Most members arc 
free living and certain forms exhibit sexual 
reproduction. There are ten orders in this 
class. 

Order Chrysomonadida 

Presence of one to three flagella. One 
or two yellow or yellow green or brown- 
coloured chromatophores are usually pre- 
sent. Amoeboid stages are frequent. Food 
reserves arc present as leucosin and lipids. 
Cyst wall is always siliceous, e.g. Ochro - 
monos , Chromulina. 

Order Silicoflagellida * 

Flagellum is either absent or only one. 
Chromatophores are brown coloured. 
Inner skeleton is made up of silica, e.g. 
D ictyocha , Clathropyxidel la . 

Order Coccolithophorida 

Flagella and chromatophores are al- 
way.s two in number. Presence of cal- 
careous plates as external covering. Usu- 
ally marine, e.g. Disco aster , Coccolithus. 

Order Heterochlorida 

Two flagella arc of \ unequal length. 
Yellow green-coloured i chromatophores 
vary from two to several. Usually amoe- 
boid forms are present. l|pids are common 
food reserves. Walls of c|rst$ are made up 
of silica, e.g. Heterochlorft, Rhizochloris . 

Order Cryptomonadida 

Body is compressed. Two flagella usu- 
ally originate from a depression. Chro- 
matophoies are two and usually brown 
but may be red, olive green or blue 
green in colour. Amoeboid stages are 
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absent. Starch and amyloid bodies arc 
the usual food reserves, e.g. Chilomonas , 
Cryplorponas. 

Order Dinoflagellida 

Body is divided into girdle and sulcus 
by transverse and longitudinal grooves. 
Each part contains a flagellum. Of these 
two flagella, one is transverse and the other 
is trailing. Ghromatophorcs arc either 
yellow or dark brown, but may be green 
or blue green. A theca is present in many 
forms. Reserve foods arc starch and 
lipids, c.g. Noctiluca y Gyrnnodinium. 

Order Ebriida 

Chromatophorcs are absent and usually 
with two flagella. Internal skeleton is sili- 
ceous, c.g. Ebria. 

Order Euglenida 

One or two flagella arise from an 
anterior reservoir, Chromatophorcs are 
green and their shapes may vary. Though 
body form may change yet no amoeboid 
movement occurs. Food reserves are pre- 
sent as paiarnyluin, e.g. Euglena , Peranema. 

Order Chlo romonadida 

Two flagella originate from the side of a 
superficial apical cleft or furrow. Body is 
dorsoventrally flattened. Chromatophorcs 
are green and numerous. Food reserves 
are present as lipids and glycogen, e.g. 
Gonyostomum , 

Order Volvocida 

, Either solitary or colonial. Flagella are 
two to four and apical. Chromatophorcs, 
when present, are leaf green. Appearance 
more or less like a shell or cup. Amoeboid 
forms usually absent. Food reserves in the 
form of starch, e.g. Pandorina , Volvox. 

Class Zoomastigophorea 

Usually live in association. Chroma to- 
phores are absent. Presence of one to 
many flagella. Amoeboid forms, when 
present, may not have flagella. It includes 
nine orders. 

Order Choanqflagellida 

Free living and may be solitary or 
colonial. A peduncle for attachment may 
be present in some forms. Flagellum is 
9 [vol. i ’76 ] 


single, anteriorly placed and enclosed pos- 
teriorly by a thin collar, e.g. Proterospongia , 
Codosiga. 

Order Bicosoccida 

Free living, with two flagella -one is 
free and the other is attached to the pos- 
terior end, e.g. Bicosoeca , Poleriodendron . 

Order Rhizomasligida 

Usually free living. Flagella and pseu- 
dopodia occur either at the same time or at 
different times, e.g. Dimorpha , Histomonas. 

Order Kinetoplastida 

Most members live in association. Num- 
ber of flagella varies from one to four. A 
self-replicating, Feulgcn positive organella 
called Kineloplast is present, e.g. Trypa- 
nosoma , Lcidimania , Herpetomonas . 

Order Retort amonadida 

Usually live in association. Presence of 
a ventral cytostome with fibrillar border. 
Number of flagella ranges from two to 
four, and one of them is turned posteriorly* 
to remain attached with cvtostomal region, 
e.g. Relortamonas . Chilnmastix. 

Or d er Dipl 'amonadida 

Most members live in association. Body 
is bilaterally symmetrical and possesses 
two karyomasiigonts each having four 
flagella and set of accessory organelles, 
c.g. Giardia . 

Order Oxymonadida 

Presence of one or more karyomasti- 
gonts, each having two pairs of flagella. 
A few flagella are turned posteriorly and 
attach for some distances to the body sur- 
face. Axes Ivies vary from one to many, 
e.g. Oxymonas. Pyrsonympha. 

Order Trie horn onadida 

Presence of four to six flagella. Un- 
dulating membrane, when present, is asso- 
ciated with recurrent flagellum. Axostyle 
and parabasal apparatus are present. 
Spindle during division is cxtranuclear. 
Sexual reproduction and cyst formation are 
absent. Usually live in association, e.g. 
Trichomonas , Tritrichomonas. 

Order Hypermastigida 

Presence of six multiple flagella and 
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numerous parabasal apparatus. Kineto- 
somes are distributed in various ways and 
meet anteriorly in a central structure. 
Uninucleatcd and extranuclear spindle 
formation occurs during division. Occurr- 
ence of sexual reproduction is observed in 
some forms, e.g. Lophomonas , Trichonympha. 

Superclass o palin ata 

It includes a single order Opalinida . 

Order Opalinida 

Presence of cilium-like organelles in 
oblique rows over entire body surface. 
Cytostome is absent, more than one nucleus 
of same type. Sexual reproduction happens 
through the production of anisogainous 
flagellated gametes. Always live in associa- 
tion, e.g. Opalina , J^elleriella. 

Superclass sarcodina 

Usually free living. Locomotor orga- 
nella in the form of pseudopodia. Flagella 
appear in some forms during development. 
Cortical cytoplasm is undifferentiated. 
Body may or may have various types or 
exo- or endo-skeleton. Asexual reproduc- 
tion occurs by fission. Sometimes sexual 
reproduction with flagellate or amoeboid 
gametes is noted. The members of this 
superclass are again subdivided into 
three classes — Rhizopodea , Piroplasmea and 
Actinopodea. 

Class Rhizopodea 

Nutrition is phagotrophic. Pseudopodia 
may be lobopodia, filopodia or reticulo- 
podia. Five subclasses — Lobosia, Filosia, 
Granuloreticulosia, Mycetozoia and Laby- 
rinlhulia. 

Subclass Lobosia 

Locomotion by characteristic lobose 
type of pseudopodia, occasionally becoming 
filiform or anastomosing. It consists of the 
orders, Amoebida and Arcellinida. 

Order Amoebida 

Uninucleate and without any covering. 
Majority are free living, e.g. Amoeba , 
Pelomyxa, Entamoeba , Chaos. 

Order Arcellinida 

Free living forms having a test or rigid 
membranes. Pseudopodia protrude thro- 
ugh definite aperture, e.g. Arcella , Difflugia . 


Subclass Filosia 

Filopods are tapering and branching but 
the branches rarely anastomose. Two 
orders, Aconchulinida* and Gromiida are in- 
cluded within this subclass. 

Order Aconchulinida 

Filosia with naked body, e.g. Penardia . 
Order Gromiida 

Presence of test with definite aperture. 
Certain members possess uniflagellate 
gametes, e.g. Gromia , Euglypha. 

Subclass Granuloreticulosia 

Pseudopods are thin, reticular and 
granular. Three orders, Athalamida , Fora - 
miniferida and Xenophyophorida are present 
within this subclass. 

Order Athalamida 

Without any test and pseudopodia may 
originate from any part of the body, e.g. 
Biomyxa. 

Order Foraminiferida 

Presence of a test having one or more 
chambers. Pseudopodia appear from aper- 
ture or perforations or both. Life cycle 
involves definite alteration of sexual and 
asexual forms. Gametes are with flagella 
and sometimes they may be amoeboid. 
Presence of sexual dimorphism in some, 
e.g. Elphidium , Rosalind. 

Order Xenophyophorida 

Body is multinucleatcd plasmodium and 
network of pseudopodia passes through a 
hollow organic tube. Many foreign par- 
ticles arc present in the interstices of 
pseudopodial network, e.g. Stannoma. 

Subclass Mycetozoia 

Trophic amoeboid forms either form an 
aggregate or a multinucleaite plasmodium. 
Complicated life cycle |nvolves sexual 
reproduction and ends in Sporangia form. 
Spore gives rise to amoeboid form. Nutri- 
tion may be hcterotrophic pr osmotrophic. 
This subclass includes three orders — 
Acrasida , Eumycetozoida and Plasmodio - 
phorida. 

Order Acrasida 

Never forms true plasmodium. Flagella- 
ted stage is absent. Free living. No sexual 
reproduction occurs, e.g. Dictyostelium . 
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Order Eumycetozoida 

Free living and occurrence of flagellated 
stages. Presence of true plasmodium and 
typical sporangia with peridia and capil- 
litia, e.g. Physarum, Ceratiomyxa. 

Order Plasmodiophorida 

Live in association with plants. Occur- 
rence of large plasmodium with host tissue. 
Presence of flagellated stages. Sporangia 
without peridia and capillitia, e.g. 
Plasmodiophora. 

Subclass Labyrinthulia 

Only one order Labyrinthulida repre- 
sents the subclass. 

Order Labyrinthulida 

Individuals are spindle-shaped and form 
a net along filamentous tracks. Either live 
on marine plants or in soil. True amoe- 
boid stage lacking, e.g. Labyrinthula . 

Class Piroplasmea 

It includes a single order Piroplasmida. 

Order Piroplasmida 

Small forms of various shapes. Spores, 
flagella, cilia are absent. Locomotion by 
gliding. Binary fission takes place. Lives 
as parasite in vertebrate blood and are 
carried by ticks, e.g. Theileria , Babesia. 

Class Actinopodea 

Usually floating with spherical body and 
delicate pseudopodia. Pseudopodia may 
be axopodia, filose or reticulate. Usually 
naked, when tost present it is either mem- 
braneous or chitinoid or silicious or stron- 
tium. Both asexual and sexual reproduc- 
tion occur. Gametes are flagellated. 
There are four subclasses, Radiolana , 
Acanthacia , Heliozoia and Proteomyxida. 

• Subclass Radiolaria 

Marine forms having one to many pores 
in the central capsule. Presence of siliceous 
spicules or skeleton. Locomotor organella 
is either filopod or reticulopod or axopod. 
Two orders, Porulosida and Oculosida are in- 
cluded within this subclass. 

Order Porulosida 

The round central capsule has pores all 
around, e.g. Pipetta , Thalassicolla . 


Order Oculosida 

The central capsule has pores only at 
one pole, e.g. Cystidium , Eucyrtidium . 

Subclass Acantharia 

Thin central capsule with membraneous 
poreless coveiing. Strontium sulphate 
forms regularly oriented radial spines. 
Pseudopodia as axopod. All are marine. 
Two orders included are — Acanthometrida 
and Acanthophractida. 

Order Acanthometrida 

Rod-like skeleton are without lattice 
shell, e.g. Acanthometron. 

Order Acanthophractida 

Skeleton is completely latticed, e.g. 
Challenger on. 

Subclass Heliozoia. 

Central capsule is absent. Sometimes 
skeletons arc present as siliceous scales or 
spines, but usually naked. Locomotion 
through axopods or filopods. Most of the 
members arc fresh water. It has three 
orders — Actinophryida^ Centrohelida and 
Desmothoracida. 

Order Actinophryida 

Skeleton and centroplast are absent, e.g. 
A ct i nophrys, Adi nosphaerium . 

Order Centrohelida 

Centroplast is present and plate or spine 
like skeletons are siliceous, e.g. Acantho - 
cysitis. 

Order Desmothoracida 

Centroplast is absent. Chitinous skele- 
ton has siliceous impregnation, e.g. Clath - 
rulina. 

Subclass Protcomyxidia 
O rder Pro leo myxida 

Only a few forms are free living. No 
test, filopodia, reticulopodia, flagellated 
forms and cysts arc seen in some cases, 
e.g. Pseudospora , Leptomyxa. 

Surphylum SPOROZOA 

Simple spores without polar filaments 
carry one to many sporozoites. Cilia 
always absent but flagellated gametes may 
occur. Sexual reproduction, when occurs, 
is syngamous. All the forms live in asso- 
ciation. It is subdivided into three classes 
— Telosporea , Toxoplasmea and Hoplosporea . 
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Glass Telosporea 

Spores are seen. Both asexual and sexual 
reproduction take place. Locomotion by 
gliding or body flexion. Pseudopodia 
are usually absent but sometimes used only 
for food capture. Microgametes are 
flagellated in some. Two subclasses Grega - 
rinia and Coccidia are included in this class. 

Subclass Gregarinia 

Live as extracellular parasites in the 
digestive tract and body cavity of inver- 
tebrates. It consists of three orders — 
Archigregarinida , Rugregarinida and Neo- 
gregarinida. 

Order Archigregarinida 

Presence of three schizogony. Live as 
parasites of ascidians, enteropneusids, 
sipunculids and annelids, e.g. Selenidium. 

Order Rugregarinida 

Live as parasites of annelids and arth- 
ropods and have no schizogony, e.g. 
Monocystis , Gregarina , Nina. 

Order Neogregarinida 

Presence of secondary schizogony. Lives 
as parasite of insects, e.g. Ophryocystis . 

Subclass Coccidia 

Always live as intracellular parasite 
and have small trophozoites. Two orders, 
Protococcida and Eucoccida are present in 
this subclass. 

Order Protococcida 

Parasites of marine annelids and do not 
have schizogony, e.g. Eucoccidium . 

Order Eucoccida 

Live as parasite in epithelial and blood 
cells of invertebrates and vertebrates. 
Presence of schizogony. Alternation of 
asexual and sexual phases in life cycle, 
e.g. Eimeria, Plasmodium. 

Glass Toxoplasmea 

Single order Toxoplasmida is present 
within the class. 

Order Toxoplasmida 

No spore formation. Asexual reproduc- 
tion occurs by binary fission. Locomotion 
is effected through gliding or body flexion. 
Structures like pseudopodia and flagella 
are absent. Cysts include naked tropho- 
zoites, e.g., Toxoplasma , Sarcocystis. 


Glass Haplosporea 

It includes only one order Haplosporidu'. 

Order Uaplosporida 

Presence of spores, only asexual repro- 
duction takes place. Schizogony is present. 
Though pseudopodia may appear in some 
cases, yet flagella are absent, e.g. Haplos- 
poridium , Coelosporidium. 

Subphylum GNIDOSPORA 

Presence of spores having one or more 
spore filaments and sporoplasms. All the 
members live as parasite. Two classes — 
Myxosporidea and Microsporidea are present 
within this subphylum. ■ 

Ci .ass Myxosporidea 

Multicellular state gives rise to spore. 
Presence of one or more sporoplasms and 
more than one valve. It comprises of 
three orders -Afyxosporida , Aclimmyxida 
and Ilelicosporida. 

Order Afyxosporida 

Presence of one or two sporoplasms and 
one to six polar capsules. Each capsule 
having a coiled polar filament for anchor- 
ing. Spore membrane may have up to six, 
valves. Live as parasite in poikilothennal 
vertebrates, e.g. Leplotheca. T Myxidium. 

Order Actinomyxida 

Presence of three polar capsules in a 
spore. Each capsule is with a polar fila- 
ment. Three valves arc present in the 
membrane. Many sporoplasms occur. 
Live in annelids and other invertebrates, 
e.g. Triactinornyxon . 

Order Ilelicosporida 

Three sporoplasms in a spore are en- 
closed by coiled thick filament. Spore 
membrane possesses one valve. Parasites 
in insects, e.g. Helicosporidivpn. 

Class Microsporidea j 

Order Microsporida 

Spores originate from a jpinglc cell. Pre- 
sence of single sporoplasm, valve and an 
elongated tubular polar filament. Para- 
sites in invertebrates, e.g. Caudospora , 
Nosema. 

Subphylum Ciliophora. 

A single class Ciliatea , constitutes the 
subphylum. 
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Glass Ciliatea 

Free living forms with cilia or ciliated 
organelle at least in some part of the 
life cycle. Subpcllicular infra- ciliature 
always present, even during the absence 
of cilia. Usually two types of nuclei arc 
seen. Both asexual and sexual reproduc- 
tions occur. Sexual reproduction involves 
either conjugation or autogamy or cyto- 
gamy. Nutrition is he tero trophic. It is 
divided into four subclasses — Holotrichia , 
Peritrichia , Suctoria and Spirotrichia. 

Subclass Holotrichia 

Ciliature on the surface is uniform and 
simple. Buccal ciliature present only in a 
few cases. It includes seven orders — 
Gymnostomatida , Trichostomatida , Chonolrichi - 
da , Apostomalida , Astomatida , Hymenosto- 
matida and Thigmotrichida. 

Order Gymnostomatida 

Larger-sized loans with no oral ciliature. 
Cytostome communicates directly to 
the outside. Presence of rods in the 
cytopharyngeal wall, e.g. Didinium , 
Urotricha. 

Ol der T richa stomal i da 

Generally body ciliation is uniform but 
may be asymmetrical in some cases. No 
buccal ciliation in oral area, e.g. Balanti- 
dium, Colpoda. 

O r dcr Chonotr ichi da 

Body ciliature absent in mature forms 
which arc vase- shaped and cling to the 
crustacean body by means of non-con trac- 
tile stalk. Reproduction is asexual and by 
budding, e.g. Spirochona , Chilodochona . 

Order Apostomatida 

Body ciliature in mature forms is spi- 
ral. Cytostome is inconspicuous. Life cycle 
exhibits polymorphius, e.g. Foettingaria , 
Polyspira . 

Order Astomatida 

Body ciliature is uniform. Cytostome 
is absent. Usually of large size, some 
having endoskeletons or structures as hold- 
fast. Usually parasites in oligochaetes, e.g. 
Anoplophrya , Haptophrya. 

Order Hymcnostomatida 

Small-sized forms have uniform body 


ciliature. Buccal cavity is ventral and 
presence of one undulating membrane on 
the right and three membranelles on the 
left, e.g. Tetrakymena , Paramoecium. 

Order Thigmotrichida 

Tuft of cilia is present near the anterior 
end. Buccal ciliature either ventral or 
posteriorly placed. Usually live in asso- 
ciation with bivalve molluscs, e.g. Ancis- 
trocoma , Conchophlhirus. 

Subclass Peritrichia 

The only order belonging to this sub- 
class is Peritrichida . 

Order Peritrichida 

Body ciliature is usually absent in ma- 
tured forms. Presence of either contractile 
stalk or adhesive disc, for attachment to 
the substrate. Ciliary arrangement in the 
oral region is conspicuous. It coils here 
around apical pole counter-clockwise to 
cytostome, e.g. Vorticella , Epistylis. 

Subclass Suctoria 

It includes a single order Sudor ida. 

Order Suctorida 

Absence of external ciliature in mature 
forms. Usually sessile with non-contrac- 
tile stalk for attachment. Presence of suc- 
torial tentacles for nutrition. Reproduc- 
tion by budding and larva is free swim- 
ming and with external ciliation, e.g. 
Podophyra , Acineta. 

Subclass Spirotrichia 

External ciliature is sparse in most. 
Presence of cirri in some. Elaborate buccal 
ciliature. Presence of adoral zone with 
many membranelles. Oral cilia coil 
around apical pole in clockwise to cytos- 
tome. Six orders —Heterotrichida, 0 1 igo tri- 
ck ida , Tint inn ida , linlodin iomorph ida , 0 d on- 
to stoma ti da and flypotrichida are included 
within the subclass. 

Order Heterotrichida 

External ciliature is uniform. Large- 
sized body in some cases bears pigments, 
e.g. Stenior . Spirostornutn . 

Order Oligotrichida 

External ciliature is absent. Prominent 
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buccal membranelles are present. Size is 
small; usually marine, e.g. Halteria , 
Tontonia. 

Order Tintinnida 

All with varied coverings called lorica, 
from where prominent oral membranelles 
extend. Marine, e.g. Tintinnus , Codonella . 

Order Entodiniomorphida 

External ciliature is absent. Oral mem- 
branelles are restricted. Presence of mem- 
branellar tufts or zones. Pellicle is stiff 
and extended posteriorly in some forms as 
spine, e.g. Entodinium , Diplodinium. 

Order Odontostomatida 

Eight membranelles represent oral 
ciliature. Laterally compressed miniature 
body sometimes possesses spines on the 
pellicle, e.g. Saprodinium . 

Order Hypotrichida 

Various types of cirri are ventrally 
placed. Dorso-ventrally flattened body. 
Membranelles are prominent in adoral 
zone, e.g. Aspodisca , Gastrostyla. 

GENERAL NOTES ON 
PROTOZOA 

HISTORY. As a group, the Protozoa are 
very old and are inhabiting the earth for 
about a billion and half years, fossil 
forms of Radiolaria and Foraminifera, 
half a billion years old, have been 
recorded. 

The existence of Protozoa could only 
be ascertained after the invention of mic- 
roscopes. Leeuwenhoek (1676) gave pre- 
liminary accounts of many forms belong- 
ing to this group. Goldfuss (1818) coined 
the term Protozoa without making any 
specific reference to true Protozoans. The 
morphology of the Protozoa was for the 
first time realised after the enunciation of 
cell-theory (1838-1839). In 1845, Von 
Siebold recognised the unicellular nature 
of the Protozoa and established the term 
‘Protozoa 9 in its spirit and true sense. 

HABITAT. Adaptation of Protozoa is 
extended to all environments open to 
micro-organism. Free living forms occur in 
fresh water lakes, ponds, open ocean, 
river and even in temporary pools. Soil 
and sands also form natural environment 


for many Protozoa. Such Protozoa live 
in the film of moisture surrounding soil 
particles or sand grains. Parasitic proto- 
zoa occur in many different species of 
animals, in certain plants and even in a 
few protozoans themselves. The micro- 
sporidian Nosema notabilis is a hyper- 
parasite on myxosporidian Spkerospora (Fig. 
9.44). In the body of the animal host they 
occur in the coelom, digestive tract, 
individual tissue cells and body fluids. 
Trypanosomes live in the blood plasma 
and malarial parasites invade individual 
red blood cells and liver parenchyma cells 
and ultimately destroy them. Certain 
parasitic forms stick to a single kind of 
host while there are others which can live 
successfully in a few closely related species 
of animals or two or more different and 
unrelated species of hosts. For such Pro- 
tozoa that can invade unrelated host spe- 
cies, a change of hosts is essential for the 



completion of its life cycle. Of all the 
animals, human beings are |nost hospitable 
to parasitic protozoa for as ijbiany as twenty- 
five different species of parasitic Protozoa 
have been encountered in them. 

NUMBER. The specific dumber of diff- 
erent kinds of Protozoa living today is a 
matter of speculation. It has been esti- 
mated that there are about 30,000 species. 
But this estimation is subject to inaccuracy 
as many current names of species represent 
duplication and there are many more yet 
to be described. 
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PROTOZOA OR PROTISTA. All the types 
of nutrition, i.e. holozoic, saprozoic and 
holophytic are seen in the protozoan 
group. Flagellates like Euglena, contain 
chlorophyll and carry on photosynthesis 
like plants. Mycetozoa of protozoologists 
is the other name of slime molds of 
botanists (Fig. 9.45). That means they 



Fig. 9,45. Life cycle of a slime mold, Mycetozoa 
(after Nason). 

A. Fruit body. B. Spore. C. Germinating spore. 
D. Bifiagcllatcd swarm cell (gamete). E. Fusion 
of swarm cells. F. Zygote. G. Free living amoeboid 
cells aggregating to form a plasmodium . H, I, J. 
Stages showing the formation of a fruit body. 


are more plaat-like than animal-Jike and 
as a result the ordinary criteria for 
separating plants from animals break 
down at the level of Protozoa. To avoid 
unwanted arguments in case of those 
animals stamped with such mixture of 
characters some inspired Biologists have 
proposed a group, Protista , to include 
Protozoa, unicellular algae and other 
microorganisms. 

Theoretically the scheme has many 
advantages but in practice the term 
protista has not been adopted because of 
proprietary interests of Botanists in Algae, 
Bacteriologists in Bacteria and Zoologists 
in Protozoa. 

ARCHITECTURE OF PROTOZOA 

SHAPE. Excepting a few Rhizopods most 
Protozoa are with fixed shape and size 
characteristic for each species. The forms 
of Protozoa may be flattened, spherical, 
oval or elongated and often bizzare shapes 
are also encountered. Though majority of 
Protozoa exhibit an important bilateral 
symmetry, all types of animal-symmetry 
are witnessed in them. Rhizopods and 
Foraminifera are asymmetrical. Heliozoa 
and Radiolarians exhibit spherical symme- 
try while radial symmetry is noted in sessile 
choanoftagellates, bilateral symmetry is 
apparent in Giardia or Octomitus. 

SIZE. Most of the Protozoa are micro- 
scopic in size and range from 2-4/z, to 
several millimeter in length or diameter. 
Plasmodium residing within the RBG is 
considered as the smallest of all Protozoa. 
Radiolaria and Foraminifera are largest 
in size amongst the Protozoans. The shells 
of Foraminifera may attain a diameter of 
2-15 mm. Spirostomum ambiguum is the 
largest among fresh water ciliates and is 
about 4*5 mm in length. 

THE CELL BODY. The basic and the 
fundamental component of the Protozoan 
body is protoplasm which is differentiated 
into nucleus, cytoplasm and cell mem- 
brane. 

A. NUCLEUS. The form, structure and 
size of Protozoan nucleus are extremely 
variable (Fig. 9.46). tytost Protozoa con- 
tain a single nucleus and in many there 
are two or more. Giardia and Protoopalina 
contain two similar and identical nuclei 
while Euciliates and Suctoria bear 
dissimilar nuclei, i.e., micronucleus and 
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macronucleus. This nuclear dimorphism 
is also present in certain foraminifera. 
The macronucleus is considered as ‘soma- 
tic nucleus performing general meta- 
bolic activities while the small one is 


nucleoplasm. The macronucleus of ciliatcs 
is of compact type. 

Within the nucleus there are two general 
kinds of nucleolus-like bodies which con- 
tain no DNA and are called ‘endosornes’ 



Fig. 9.46. Examples of different types of nuclei in protozoa (after various sources). 

A. Proloopalina (with two identical nuclei). B. Pelomyxa (with numerous nuclei). C. Oftalina (with 
numerous small nuclei). 1). Cyclophrya (possessing dissimilar nuclei). E. Stentor and I'. Spiroslomum 
(both chain-like macronuclei). 


considered as ‘generative’ which looks 
after the reproductive part. In Pelomyxa , 
Opalina , Myxosporidia and Microsporidia 
there are numerous similar nuclei. The 
macronucleus offers variation in its form 
and structure. It is compact, spherical 
or ellipsoidal in most cases. In Vorticella 
it is much elongated. In Spiroslomum and 
Stentor , it is like a chain of nodes joined 
to one another by filaments. The chroma- 
tin of the meganucleus is called tropho - 
chromatin while that of micronucleus is 
made up of idiockromatin. 

Protozoan nucleus may be vesicular or 
compact. Vqsicular nucleus consists of a 
nuclear membrane which is very thin and 
delicate but nucleoplasm is distinct and 
chromatin content is less. The compact 
nuclei are always massive as they contain 
large amount of chromatin substance 
and a comparatively small amount of 


or nucleoli. The endosome in Eugle- 
noids is centrally located, made up of 
three concentric zones and divides during 
nuclear division. In parasitic amoebae 
like Entamoeba the endosome is composed 
of a number of irregular masses, each 
containing numerous small particles and it 
disappears during mitosis. > 

Repeated mitoses in the Nucleus with no 
dissolution of nuclear membrane result in 
some cases in the formation of a polyenergid 
nucleus. Each polyenergid | nucleus bears 
many sets of chromosomes which are 
finally distributed to the jdaughter cells. 
Polyenergic states are believed to be anti- 
thesis of sporulation. 

B CYTOPLASM. It is the extranuclear 
part of the Protozoan body. The cyto- 
plasm is colourless, homogeneous, and in 
optical observation presents granulated, 
vacuolated, reticulated or fibrillar texture. 
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The cytoplasm is differentiated into ecto- 
plasm and endoplasm. The ectoplasm is 
also called the ‘Cortex’. The cortex is 
hyaline and gelatinous and may be defined 
as a part of cytoplasm bounded externally 
by plasma membrane and internally by 
endoplasm. In Ciliophora, the cortex 
houses a number of organelles. The endo- 
plasm is voluminous and fluid (Plasmasol). 

G. CELL SURFACE. The cytoplasm bears 
a protective envelope which may be pre- 
sent in the following textures; 

1. Plasmalemma. An extremely thin 
membrane which regulates the entry and 
exit of materials between the organism and 
the surrounding medium in which it lives. 

2. Pellicle. The surface layer becomes 
gelated and forms a visible firm pellicle. 
The pellicle is living and is often sculp- 
tured as in Paramoecium. 

3. Cuticle. The outer limiting surface 
may be a cuticle as in Monocystis . The 
cuticle is dead and may be made up of 
nitrogenous elements, carbohydrate or 
cellulose. 

4. Shell. The whole body may be 
encased in a close fitting shell having an 
aperture through which protoplasm may 
be extruded. The shell is composed of 
nitrogenous elements in Arcella , of silicious 
plates in Euglypha or calcium carbonate as 
in Foraminifera. Cysts are temporary shells 
with no opening. (Sec also Figure 9.47 for 
other types of coverings in IVotozoa) . 

I>. CYTOPLASMIC INCLUSIONS 

1 . Stored food. Polysaccharides, lipids 
and rarely nitrogenous materials remain 
embedded in the cytoplasm. Polysaccha- 
rides are present in the form of starch 
granules, lcucosin and paramylum bodies 
as in Stent or and cysts of Entamoeba. The 
synthesis of polysaccharides in Phytomasli - 
gophores is independent of the presence of 
chlorophyll. Presence of glycogen has been 
reported in many Sarcodina and Ciliates. 
In some parasitic protozoa glycogen syn- 
thesis is stepped up during cyst formation. 
These glycogens are never identical with 
the glycogens of other higher animals. 
A peculiar type of glycogen which is 
neither typical glycogen nor true starch is 
encountered in the endoskeletal plates of 
certain ciliates which live in the rumen of 
cattle. Histochemical tests have shown 


that carbohydrate is stored by Amoeba 
in the form of glycogen. Washed amoeba 



bon ate. O. Klebsiella — showing outer revering called 
Lorica. I). Vaginicola — a ciliate with loricate cover- 
ing. 

if treated with radioactive glucose — the 
isotope is recovered from the Amoebic 
glycogen. 

Lipids, i.e. fat and other related subs- 
tances, remain stored and distributed 
throughout the cytoplasm as small glo- 
bules or in some cases they remain loca- 
lised in a particular area of the body. 
This stored oil in some Phytomasligophora 
presents a disagreeable taste and colour. 

Nitrogenous reserves as chromatoid 
bodies of Entamoeba are also recognised. 
They are seen in the cysts and the charac- 
teristic forms of chromatoid help in dis- 
tinguishing one spedes from the other. 
The chromatoid bodies are made up of 
protein and RNA and till date their 
function is unknown. ‘Volutin granules’ 
containing RNA have been reported in 
many Protozoa. 
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2. Mitochondria. Mitochondria are 
present in all aerobic species. Number 
of mitochondria present in an organism 
are dependent on the volume of that 
particular organism. In Tetrahymena there 
are many mitochondria while in avian 
malarial parasite Plasmodium lophurae there 
are one or two mitochondria. Structurally 
and functionally the Protozoan mitochon- 
dria differ very little from that of higher 
animals. The mitochondria occur as small 
spherical, oval, rod-shaped or filamentous 
bodies. They may be evenly distributed 
in the cytoplasm or may be localised in 
position as they are arranged between the 
kinetos tomes of cilia in Opalina and Para- 
moecium. 

3. Golgi apparatus. Presence of Golgi 
bodies in the form of compact, flattened 
and plate-like vesicles has been reported 
in Amoeba and Pelomyxa with certainty. 

4. Cytoplasmic pigments. Pigment 
granules of various colours — violet, blue, 
green, yellow, pink, red occur in the 
cytoplasm of phytoflagellates and dilates. 
Red pigments occur in Phytomonadina and 
Euglena. When exposed to bright light 
these red pigments increase in number 
and mask the usual green colour of the 
animals. The pink pigments of Blepherisma 
undulans is toxic to other ciliates. 

ORGANELLES IN PROTOZOA 

A. VACUOLES. Several kinds of vac- 
uoles occur in different protozoa. 

1. Contractile vacuoles. Contractile 
vacuoles are specialised vacuoles charac- 
teristic of Ciliates , Flagellates and Sarcodina 
but they are absent in Sporozoa. The 
position, number and accessory structures 
of the contractile vacuoles are different in 
different Protozoa (Fig. 9.48). The posi- 
tion of the vacuole in Amoeba changes with 
the movement of the organism. In forms 
with relatively fixed shape, i.e. Flagellates 
and Ciliates , the position is more or less 
fixed. In many Heliozoans contractile 
vacuoles occur in the ectoplasm. Deep- 
seated contractile vacuoles arc often pro- 
vided with a delicate duct which connects 
the vacuole with the pore on the pellicle 
as in Paramoedum woodruffi. In Balantidium 
and Nyctotherus the contractile vacuole is 
situated close to the cytopyge. The con- 
tractile vacuoles are generally spherical 


in shape but in many ciliates they have be- 
come star-shaped because of a number of 
collecting canals which radiate from the 
main vacuole. All the contractile vacuoles 
pass through a cycle. The origin of a new 
vacuole involves the fusion of many small 
vacuoles in the cytoplasm. The young 
vacuoles grow in volume (diastole) by 
fusion of other small vacuoles or by receiv- 
ing contribution of fluids from visible 
canals. When the volume reaches its 
maximum the contents are discharged to 
the outside (systole) through the pores in 
the pellicle or into the gullet. 

All fresh water protozoa solve the con- 
stant osmotic problem with the help of 
the contractile vacuoles. The plasma- 
lemma in these organisms is semiper- 
meable. And as the concentration of 
water in the cytoplasm is lower than that, 
of the surrounding medium a constant 
flow of water into the animal body occurs. 
Water passes more rapidly into the body 
than it leaves. The organisms get rid of 
these excess water by pumping them out 
witli the help of contractile vacuoles and 
prevent the body from being waterlogged. 
Thus osmoregulation is the sole function 
of the contractile vacuole. However, 
some amount of nitrogenotts wastes arc 
also voided along with the discharged 
water. 

2. Food vacuoles. They are tempo- 

rary vacuoles and are universally present 
in holozoic Protozoan which take in whole 
or parts of other organism. In forms which 
do not have a cytostome the food vacuoles 
assume the shape of the food. The food 
vacuoles are spherical in forms with cyto- 
stome. A number of food vacuoles may 
remain present at a time and they contain 
food particles at different stages of diges- 
tion. Food vacuoles in ciliates show a cir- 
culatory movement or cyclosk within the 
endoplasm. Food vacuoles a^re absent in 
saprozoic protozoan. f 

3. Sensory vacuoles or ] Concretion 
vacuoles. Certain parasitic fciliates of the 
families Butschliidae and Paraisotrichidae 
have a number of vacuoles located in the 
anterior region of the body under a pelli- 
cular cap. The vacuolar cavity contains 
a number of granules called statoliths and a 
number of fibrils join the vacuole with the 
pellicle. These vacuoles arc considered as 
statoevsts and excretory vacuoles. 
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4. Superficial vacuoles. Superficial 
vacuoles are found in passively floating 
Sarcodina which have a foamy outer 
cytoplasm. These thin-wailed vacuoles 
presumably containing a light weight 
fluid or gas maintain the organism at a 
particular depth. When the vacuoles 
collapse the animal sinks. When new 


vacuoles develop the organism rises. Thus 
the superficial vacuoles help in floatation. 

B. MOUTH AND ASSOCIATED ORGA- 
NELLE. Amoeboid organisms feed on 
bacteria or other small organisms and the 
ingestion of the food particle involves 
the formation of a food-cup to enclose the 










Fig. 9.48. Contractile vacuoles in some protozoa (after Weisz). A. Formation of contractile vacuole 
in Amoeba. B. Cycle of contractile vacuole formation in a ciliale (cilia omitted). G. Contractile 
vacuole in the ectoplasm of Actinosphaerium . D. Contractile vacuole in fljctotherus is placed near the 
cytopyge. 




140 


BIOLOGY OF ANIMALS 


prey or the formation of a gullet-like 
structure. In few phagotrophic ciliates and 
flagellates a gullet is formed during inges- 
tion and persists during the active life of 
the organisms. Certain euglenoid flagel- 
lates possess an accessory rod-like appara- 
tus which helps in puncturing the f>ody 
wall of the host too large to engulf whole. 
Both the food cup and gullet are extra- 
temporary structures. 

Permanent and specialised feeding orga- 
nelles called cytostome is encountered in 
ciliates like Paramoecium and Tetrahyrnena 
(Fig. 9.49A). In Tetrahyrnena . there are 


many times larger than itself (Fig. 9.49B). 
The tentacles adhere round the prey and 
it can hold an organism many times larger 
than it. Soon after adhesion the proto- 
plasm of the captured ciliate starts flow- 
ing round the tentacle to the base where a 
food vacuole develops. The lining of the 
Suctorian tentacle is contractile and there 
is some sort of peristaltic action. 

C. CYTOPYGE OR CELL ANUS. The 

indigestible residue of food in case of the 
ciliates is thrown out through a particular 
spot called cytopyge or cell anus. It lies 
at the posterior ventral side of the body. 


cytostome prey 

^jL_X 


;prey 
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Fig. 9.49 Mouth and associated organelles in two protozoa. A. Tetrahyrnena. Note that cyiostonu; 
is present near the anterior end of the body and along its same axis (alter Kudo). B. Left shows 
a suctoria capturing its prey with tentacles. Right enlarged view of an extended tentac le of a sucloria 
in action (after Hall)’. 


three membranclles in the roof of the 
mouth and a membrane along the left 
margin. A membranella is composed of a 
double ciliary lamella fused to form plate. 
The membrane is thin, transparent and 
bears one or two rows of ciliaf fused 
together. The membrane is larger in 
Tetrahyrnena compared to other ciliates. 
In Hypotrichias the membranellcs are very* 
well developed but the membrane is ill 
developed. In ciliates the different stages 
of specialisation of the cytopharynx from 
an humble beginning to a complex end 
are readily recognisable. 

In suctorians the tentacles play the role 
of the gullet. They feed on other ciliates 
which sometimes include an organism 


The spot is recognisable when excrement 
is actually being cast away. This is again 
a temporary structure. In Nyctotherus a 
permanent cytopyge is seen. 

D. LOCOMOTOR ORGANELLES. Except- 
ing a few Suctorians which?: are sessile in 
adult stage most protozoa pbssess definite 
locomotor organelles whicl^ are closely 
associated with the body slirface. These 
organelles arc: 

1. Pseudopodia. These are character- 
istic organelles of Sarcodina, certain Sporo- 
zofc atid many Mastigophore where the 
pellicle is ill defined. A pseudopodium 
may be defined as a temporary projection 
of a part of cytoplasm. According to form 
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Fig. 9.50. Different types of pscudopodia. A. Lobopodia of Amoeba. B. Filopodia of Euglvpha. 
C. Rliizopodia of Chtamydophns. D. Axopodia of Actuwphiys. 


and structure four different kinds of 
pseudopodia are recognised. (Fig. 9.50). 

(a) Lobopodium. Finger or tongtie-like 
projection or projections accompanied by 
a (low of endoplasm and ectoplasm and the 
distal tip is always round. Both the for- 
mation and retraction of the pseudo- 
podium arc quick. One or more lobopodia 
may be formed at a time. Amoeba protcus 
t hrows lobopodium. 

(b) Filop odium. Filamentous projections 
are formed by the ectoplasm alone. The 
filaments may be branched but do not 
anastomose. Filopodium is characteristic 
of the Testacians. 

(c) RKizopodium. Similar in structure 
to that of filopodium but the branches anas- 
tomose. It is found in foraminilera, e.g.. 
Elphidium . The numerous branched and 
anastomosed rliizopodia form a network 
and help in capturing the prey. 

(d) Axopodium. It is a semi-permanent 
structure and is made up of an axial rod 
enveloped by cytoplasm. The axial rod 
is made up of a number of fibrils and arises 
either from the central part of the body or 
from the nucleus or nuclei in multinucle- 
ate forms or from an intermediate zone 
between ectoplasm and endoplasm. Axo- 
podia are found in Actinophrys , Actinos- 
phaerium , etc. 

2. Flagella, They are slender, fila- 
mentous extensions of the cytoplasm and 
are highly vibratile. A flagellum has got 
two components, an axoneme made up of 
several elastic fibrils and a sheath surround- 
ing it. In some flagellates the axoneme is 


provided with lateral fibrils. A flagellum 
always originates from a blepharoplasl or 
kinelosome embedded in the cytoplasm. 
In Trypanosoma and Trichomonas a delicate 
membrane called the undulating mem- 
brane extends out from one side of the 
body and a flagellum always borders the 
outer margin of the membrane. Generally 
there occur one or two flagella in an indi- 
vidua 1 . Hypermastigina bear numerous 
flagella. Flagella bearing protozoa are the 
Mastigophora. 

3. Cilia. The cilia are fine, short 
protoplasmic processes and cmeige from 



Fig. 9.51. Figure showing the sectional view of 
cilia, as seen in electron micrograph. Note that a 
cilium is formed of nine ^V-shaped circularly 
arranged filaments and a similar cylindrical fila- 
ment at the centre. A flagellum also has similar 
organisation (after Kimball). 
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the ectoplasm. Structurally they aie iden- 
tical with the flagella (Fig. 9.51). The 
cilia are arranged in longitudinal, oblique 
or spiral rows. The length of the cilia 
is uniform in Protociliates but in many 
ciliates the length is larger in certain parts 
of the body — namely the extremities 
and circumoral areas. Some parts of the 
body in some cases bear a dense popula- 
tion of cilia and these parts are called 
ciliary zones. In Euciliates the cilia fuse 
and form a membranella around the cytos- 
tome. In Hypotricha a number of cilia 
arranged in 2 to 3 rows fuse together and 
form a cirrus. Stiff and immobile cilia in 
between vibratile cilia occur in Stentor. 
The tentacles of adult Suctorians are con- 
sidered as modified cilia. The myonemes 
are banded fibrillar structures and are 
striated. 

E. CHROMATOPHORES, PYRENOIDS 
AND STIGMA. Chroinatophores, i.e. chlo- 
roplastid and some non-green organelles 
are restricted to plant-like flagellates. 
The chromatophores occur in discoid, 
ovoid, band-like, rod-like or cup-like 
forms. In Chlamydomonas a single cup- 
shaped chromatophore is found and it is 
Considered as a primitive form. This cup 
may be subdivided into pairs of lateral 
lobes or even to separate lobes. Some of 
the Euglenidae contain many flattened 
chromatophores arranged near the sur- 
face of the body. In Peridinium chroina- 
tophores are arranged near the surface of 
\he body and form anastomosing network. 
Electron micrograph studies have revealed 
that chromatophores are double mem- 
branes and have a lamellar structure in 
which electron opaque layers alternate 
with electron transparent layers. Electron 
opaque layers are believed to be laden 
with photosynthetic pigments. Chloro- 
phyll is the most predominant pigment in 
the chromatophores but there are other 
pigments present in significant amounts. 
These pigments are greenish yellow, yel- 
low, red, brown and even blue and when 
present in superabundance they mask the 
green chlorophyll. The cytoplasmic pink 
pigment of Blepkerisma is toxic to several 
other ciliates and to small metazoons. 
Even the annelid worm, Dero is susceptible 
to it. When exposed to very bright 
light, BUpkerisma falls a victim of its own 
pigment or a toxic product of the pigment. 

Pyrenoids are structures which usually 


remain associated with the chromatophores 
though all chromatophores bearing flagel- 
lates do not possess them. The structure 
of the pyrenoids varies from solid bodies to 
aggregate of granules. In Euglena the pyre- 
noid is encased in a layer of paramylum 
while in Chlamydomonas it is often surround- 
ed by starch granules. From this close 
structural relationship it is suggested that 
pyrenoids are functionally involved in the 
synthesis of starch and other polysacchari- 
des. However, there must be other machi- 
nery for the synthesis of these substances 
as there are certain flagellates without 
pyrenoid, which can synthesise such poly- 
saccharides. 

Stigma or eye-spot occurs in many 
chlorophyll bearing and a few colourless 
flagellates. The stigma contains reddish 
pigments presumed to be carotenoid. The 
stigma of Euglena shows a mass of reddish 
granules embedded in a matrix. It is a 
discoid body, placed close to the gullet. 
The flagellum which arises from the base 
of the reservoir through the gullet bears a 
small granule or a paraflagellar body at 
the level of the stigma. In Volvox and 
related colonial types the stigma is made 
up of a concave mass of pigments and a 
hyaline lens. The role of the stigma is to 
help in the orientation ofuhe flagellates 
towards a suitable light source. From the 
work on Euglena it is assumed that the 
parabasal body of the flagellum is a light 
sensitive structure and it becomes stimu- 
lated by the light energy which the stigma 
absorbs. 

F. NEUROMOTOR ORGANELLE. A well- 
defined system of nerves is lacking in the 
protozoon. But it has been seen that the 
cilia of the ciliates are capable of making 
a well co-ordinated movement. It is known 
that the ciliary co-ordination is due to the 
presence of certain fibrillair system in 
Epidinium. The presence of aj neuromotor 
apparatus in the system of f Epidiniun* is 
advocated. This apparatus Consists of a 
central motor mass called fhc Motorium 
located in the ectoplasm |md from it 
definite strands radiate to the roots of the 
membranellae, cytopharynx and other 
structures. Similar apparatus has been 
observed in Balantidium , Paramoecium and 
many other ciliates. Klein (1926) by 
silver-impregnation method has demons- 
trated the presence of such radiating 
fibrils and has designated the fibres as silver 
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lines and the whole complex as silver line 
system. 

G. PROTECTIVE OR SUPPORTING 
ORGANELLES. 

1. Pellicle. Outside the plasma mem- 
brane many protozoa have a differen- 
tiated pellicle, i.e., a continuous covering 
which may be more or less flexible. The 
thick pellicles often show surface decora- 
tions in the form of ridges, papillae or pits. 
The pellicle in ciliates is perforated through 
which cilia and trichocysts emerge. The 
chief component of pellicle in case of 
Amoeba is polysaccharide and in Euglena 
the principal component is protein. 

2. Exoskeleton. Instead of a pellicle 
or in addition to a pellicle there occurs a 
covering which is exoskelelal in nature. 
These coverings are made up of inorganic 
materials in many flagellates and Sarcodina. 
In testate Sarcodina the covering is made 
up of siliceous, elates. The theca of Dino - 
flagellates is a close fitting one while the 
test and the lorica are loose fitting ones. 

3. Central capsule. The central cap- 
sule of the Radiolarians contains the nu- 
cleus or the nuclei and is a specialised 
chamber where reproductive processes go 
on. This capsule is considered as a pro- 
t ec t i vc o rgane 11 e . 

4. Endoskeletal plates. In many 
ciliates belonging to the family of Ophryo- 
scolecidac which reside as commensals in 
the stomach of ruminants, the presence of 
a conspicuous endoskeletal plate is en- 
countered. These plates arise from the 
oral region and run to the posterior region 
and are made up of hemicellulose or pris- 
matic blocks of paraglycogen. 

5. Axostyle and parabasal appara- 
tus. It is a flexible rod-like structure 
running through the whole length of the 
body. Many Polyinastigina and Hvper- 
mastigina bear axostyle. It is believed to 
perform a supportive function. Parabasal 
apparatus is a small or a long body coiled 
around the axostyle and its function is 
unknown. 

6. Costa and Cresta. In Trichomo- 
nad flagellates a delicate filamentous struc- 
ture extending from the blepharoplast to 
the base of the undulating membrane is 
seen. It acts as a support to the undulat- 
ing membrane. Cresta is a triangular 


membrane that extends posteriorly from 
its anchorage near the nucleus and is of 
unknown function. 

7. Oral basket. In many Gymnosto- 
malous ciliates the cy topharyngeal wall is 
lined by a number of rod- like structures. 
These rods form a sort of basket and are 
considered as protective structures. 

8. Trichocysts. These unique orga- 
nelle are seen only in Holotrichs. The 
trichocysts are pyriform, fusiform or 
cylindrical in appearance and are em- 
bedded in the ectoplasm. They remain 
arranged at right angles to the body sur- 
face or in an oblique fashion. A trichocyst 
is made up of two parts — the tip and 
shank and the main body. The tip is 
straight, curved or bent and is connected 

with the pellicle. 

&■ 

The tip is provided with a cap. The 
main body is a straight rod which gra- 
dually tapers into a sharp point at the 
end opposite to the tip. The size of the 
trichocysts ranges from 20-40 n in length. 
Electron micrography has revealed cross- 
striations in the shank and a highly re- 
tractile granule at the base of the tip. 
Speculations run wide about the specific 
role of the trichocysts. They are consi- 
dered as defensive organelle in Paramoeci - 
um. They serve as offensive organelle 
and help Didinium in capturing food. 
Some consider them as organelle for 
attachment while others believe that tri- 
chocysts secrete salts of sodium, potas- 
sium and calcium and are osmoregula- 
tory in nature. Even they arc considered 
as secretory organelles which produce 
materials for the development of lorica. 


PHYSIOLOGY 

There are many minute parts or 
organelle within the body of protozoa. 
These parts maintain the physiological 
activities in the cell body of the protozoa. 
It is difficult to get a thorough insight into 
the physiological problems of protozoa, 
and Calkins (1933) has very aptly stated, 
£ 'Physiological problems of protozoa 
begin where similar problems of the Meta- 
zoa leave off, namely the ultimate pro- 
cesses of the single cell”. However, infor- 
mation on various physiological activities 
of protozoa are under an accelerated pro- 
gress through experimental researches. 
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NUTRITION. Nutrition in Protozoa is 
manifested by following ways : 

(A) HOLOZOIC or ZOOTROPHIC or 
HETEROTROPHIC. In this method animals 
and plants smaller than the body of the 
protozoa are used as food sources (Fig. 
9,52). The method is ultimately asso- 
ciated with ingestion, digestion, assimila- 
tion and egestion. 

I. Ingestion. Most Sarcodina capture 
their food and take them inside the body 


of flagella or cilia aids in bringing about 
the food particles to the cytostome. Food- 
getting is no problem to parasitic forms 
when they are inside the body of the host. 

In Sarcodina the following methods have 
been observed for the ingestion of food 
particles: 

(a) Import. The food is taken inside 
the body upon contact with little or no 
movement of body parts. 

( b ) Circumfluence. The food is surround - 






Fig. 9.52. Food capturing manouvres in certain protozoa. f 

A. Mechanism of food getting in the flagellate Monas sp. (after Hyman). B. Acts of food 
getting in a Heliozoan (after Hyman). G. Amoeba feeding in algae by the process-import 
(after Kudo). D. Feeding by circumfluence in Amoeba (after Kudo).E. Amoeba capturing 
food by circumvallation. F. Process of ingestion by invagination in Amoeba. 

through any part of the body. In Mastigo- ed on all sides by the cytoplasm and is 
phora and Ciliates food enters into the engulfed. 

body through the cytostome. The lashing (r) Circumvallation . The amoeba forms 
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pseudopodia round the food particle and 
ingests it. 

(d) Invagination. The ectoplasm, of the 
amoeba, when comes in contact with the 
food particle, is invaginated or inpushed 
into the endoplasm as a tube. The cell 
membrane at the point of contact dissolves. 
Certain parasitic amoebae are capable of 
ingesting by invagination. 

In certain ciliates like Colefis and Didi- 
nium the cytostome remains closed ordi- 
narily but it expands to an enormous size 
during feeding and the whole food is 
ingested in toto . 

In suctorians the tentacles are prehen- 
sile and solid or liquid food matter is 
sucked in through the tubular tentacles. 

II. Digestion. The ingested food par- 
ticles surrounded by a film of fluid remain 
in the endoplasm in ‘food vacuoles’. The 
food vacuoles always remain in motion in 
the endoplasm and show ‘cyclosis’. The 
vacuole contains food particles in killed, 
paralysed or alive conditions. However, 
all activities on the part of the prey stop 
a few minutes after its entry into the food 
vacuole. Digestion is done within the 
food vacuoles. 

Observations of the changes within the 
food vacuole of amoeba are (a) the fluid 
inside the vacuole first becomes acidic and 
then alkaline, (b) Cytoplasmic secretions 
do not bring about the increased acidity 
inside the vacuole. Probably respiration 
of the ingested organism and chemical 
changes associated with the death of the 
organism are responsible for the change in 
pH. (c) Oxygen inside the vacuole 
decreases as it is being used up in the 
respiration of the organism inside the 
vacuole, (d) Decrease in oxygen results 
in the death of the captured prey. The 
existence of some ‘lethal agent 5 inside the 
vacuole is also advocated. 

Specific information about the processes 
involved in digesting the food particles is 
wanting and nothing is known about the 
localisation or distribution of enzymes 
within protozoan body. However, the 
findings made so far have indicated that 
the digestion in Protozoa is carried on by 
enzymes. The existence of enzymes like 
peptidase, proteinase, amylase, lipase, 
succinic dehydrogenase and others in 
different protozoa has been demons- 
trated. 

10 [vol. x *76] 


Recent findings have established the 
existence of enzymes like acid phospha- 
tase and esterase in Amoeba prnteus . In 
recent years it has been advocated that 
protozoan cells contain elaborate set of 
hydrolytic enzymes and these enzymes 
participate in digestion. Some of these 
enzymes have been demonstrated as com- 
ponents of food vacuoles while others are 
secreted by the cell body into the sur- 
rounding medium. These hydrolytic enzy- 
mes have been divided into two functional 
groups — one group remains engaged in 
the digestive processes occurring within 
the cell either in food vacuoles or in the 
cytoplasm, while the other group releases 
enzymes in the surrounding medium. 

III. Egestion. Non-digested residue 
is thrown out of the body through the 
plasma membrane or through cytopyge 
or temporary cell-anus. 

(B) HOLOTROPHIC or AUTOTROPHIC 
or PHYT OTROPHIC. This type of nutrition 
is equivalent to the photosynthesis of 
plants. The process involves the photo- 
lytic decomposition of H 2 0 ultimately 
liberating 0 2 and reduction of C0 2 to 
form carbohydrates. Holophytic nutrition 
is predominant in Phytomastigina and 
few chlorophyll-bearing ciliates. Recent 
studies have shown that some species of 
photosynthetic Euglenae when kept in the 
dark place for some days or are grown in 
media rich in certain organic nutrients lose 
their chlorophyll and tend to resemble the 
member of the genus Astasia . Moreover, 
treatment of Euglena with Streptomycin at 
a higher than standard temperature pro- 
duces irreversible loss of chlorophyll. Such 
experiments indicate that some colourless 
genera of Euglenoids like Astasia might 
have been derived secondarily from pho- 
tosynthetic species. 

(G) SAPROZOIG or SAPROPHYTIC. In 
this process the nourishing substances 
enter into the body by diffusion through 
body surface and no organelle is involved. 
The nourishing substances are simpler 
compounds formed by the activities of 
bacteria on dead or decomposed bodies of 
animals or plants. Many free-living pro- 
tozoans, specially the 'flagellates, nourish 
themselves by this process. 

(D) PARASITIC. Many protozoa live 
inside the body of other living organism 
and nourish themselves from the food 
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of the host. In some cases the digested or 
decomposed substances of the hosts enter 
into the body of the parasites by diffusion 
as in Monocystis. However, many parasitic 
protozoa like Entamoeba practice holozoic 
nutrition. 

(E) MYXOTROPHIC. Flagellates like 
Euglena can nourish themselves in more 
than one method. On the demand of the 
external condition (in the absence of light) 
they can change their mode of nutrition 
from holophytic to saprophytic type. 

RESPIRATION. Protozoa do not have 
any organellae for the process of respira- 
tion. The limiting permeable membrane 
acts as a respiratory surface. The free 
molecular oxygen from the surrounding 
media enters into the body by diffusion. 
Presence of a cytochrome system has been 
demonstrated in protozoa. Protozoa which 
live as parasites in the digestive tube of 
higher animals do not get molecular oxy- 
gen in free state but get it by decomposing 
complex oxygen bearing substances present 
in the body of the host. Anaerobic proto- 
zoa include Trypanosoma gambiense of ver- 
tebrate blood. While Histomonas melea - 
gridis, a flagellate in the intestine of chicken 
can grow in presence of air as well as 
without it and is a ‘facultative aerobe’. 

EXCRETION. Waste products are w^ter, 
carbon dioxide and nitrogenous com- 
pounds and remain in soluble forms. 
Waste materials are passed out of the body 
by diffusion or by the contractile vacuoles. 
Surrounding water is hypertonic to fresh 
water amoeba. So, water constantly enters 
inside the body of amoeba through the 
cell surface. This excess water interferes 
with the body functions and is eliminated 
by the discharge of contractile vacuole. 
Marine or parasitic protozoa live in iso- 
tonic media and do not have contractile 
vacuoles. 

Some amount of carbon dibxide is 
diffused out through the cell surface. 
Rest of the carbon dioxide and ammonia 
which remain in soluble state are thrown 
out of the body by the contractile vacuoles. 

Insoluble substances in the form of 
crystals of calcium phosphate (recorded in 
Amoeba proteus) ureate, carbonate, oxalate 
and grains (haemozomin in haemospori- 
dians) are often encountered. These sub- 
stances are considered as catabolic pro- 
ducts, The way they are extruded is still 


in observation stage. In most protozoa 
excretion of nitrogen occurs in the form of 
Ammonia and free amino acid. 

LOCOMOTION. Locomotion in protozoa 
is effected by three different ways. They 
are amoeboid movement , movement with the 
help of undulipods (i.e. cilia and flagella) 
and gliding . 

1. Amoeboid movement. This is a 
most primitive kind of movement which is 
caused by contractility. Progression of the 
animal is made by throwing pseudopodium 
(Fig. 9.53). This type of movement is 
characteristic of Sarcodina and many 
Sporozoa. 

In amoeboid progression, pseudopodia 
are formed in two different ways, profluent 
and eruptive . In profluent type, the ecto- 
plasm bulges out as a blunt projection' and 
endoplasm flows into this projection in an 
even manner. By profluent method a 
single pseudopodium (Limax) or many 
pseudopodia (Lobose) may be formed at 
a time. In eruptive type the ectoplasm 
and endoplasm burst out in an eruptive 
manner by dissolving the cell surface. 
Eruptive type of pseudopodium is restrict- 
ed to small forms of amoeba where the 
gelated ectoplasm layer i§^very thin. The 
physiological manifestations in pseudo- 
podia formation are explained with the 
help of surface tension theory and change of 
viscosity theory. In surface tension theory it 
is assumed that protoplasm is a fluid and 
as it is a fluid it must have a tension at its 
surface to make the mass spherical. 
Whenever the tension is lowered by exter- 
nal or internal changes, an outflow occurs 
and the fluid flows forward at the centre 
and back along the sides. The whole 
phenomenon is comparable to ‘fountain 
streaming’. As surface tension theory can- 
not creditably account for tpie formation of 
pseudopodia in most amoeboid forms 
where the ectoplasm is { gelatinised, a 
second theory, the change of viscosity 
theory, has been pronounced. This theory 
assumes that the cytoplasm in amoeba 
consists of an outer plasma^el and an inner 
plasmasol and the sol-gel state is rever- 
sible. A local reversion of plasmagcl to 
plasmasol by internal chemical reaction 
causes an outflow at that point. As the 
outflow progresses, its side becomes gela- 
tinised again and ultimately a pseudopo- 
dium made up of a gelatinised tube having 
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fluid inside and at the tip is formed. Mast 
(1931) has explained the phenomenon by 
stating that amoeboid movement is brought 
about by four primary processes, namely, 
attachment to the substratum, gelation of 
the plasmasol at the anterior end, solation 
of plasmagcl at the posterior end and 
contraction of the plasmagcl at the pos- 
terior end (Fig. 9.16). 

2. Flagellar movement. The mecha- 
nism of flagellar movement (Fig. 9.54A-D) 
is not clearly known. As to the way in 
which a flagellum accomplishes locomotion 
there are three theories. 

(a) Screw theory of Butsphli. It postulates 
a spiral turning of the flagellum like a 
screw resulting a propeller action which 
pulls the animal forward. 

(b) Mctzner’s theory. Metzner has advo- 
cated that the flagellum beats in a circle 



Fig. 9.53. A dynamic moment of pseudopodia 
formation in Amoeba proteus (Photography by courtesy 
of Dr. S. Mookerjce). 
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tracing a cone and generates sufficient such cases touches the surface and then 
current to pull the animal forward. adheres to it by spreading out, (3) positive 


(c) Theory of Ulehla and Krijsman. Ac- 
cording to this theory the ordinary move- 
ment of a flagellum is a sidewise lash con- 
sisting of an effective downward stroke 
followed by a relaxed recovery stroke by 
which the flagellum is brought forward 
again. 

3. Ciliary movement. All free swim- 
ming ciliates swim in a spiral path. During 
swimming an individual cilium bends 
throughout its length and strikes the water 
(Fig, 9.54E). As a result the organism 
moves in a direction opposite to that of the 
effective beat and the dispelled water 
moves in the direction of the beat. The 
cilia in the longitudinal row move meta- 
chronously (wave-like action) and those 
in the transverse row act synchronously 
(Fig. 9.54F). 

4. Gliding. Parasitic protozoa which 
possess myonemcs move by gliding, i.e. 
by contraction of the body and stalk. To 
aid the process mucous substances are 
sometimes secreted. 

RESPONSE TO STIMULI. The reaction to 
stimulus in protozoa is expressed by move- 
ments. These movements may be classi- 
fied in two broad groups; Taxis in which 
the reaction is directed towards the sti- 
mulus, i.e. positive reaction and Kinesis in 
which the stimulus increases the random 
movement of the animals and as a result 
the animals tend to move away from the 
source of the stimulus, i.e. negative re- 
action. Well-organised structures for the 
reception and conduction of a stimulus are 
lacking in protozoa. In amoeba, a stimu- 
lus is first received by the body surface 
and then by the whole protoplasmic body. 
The flagella or cilia, in flagellates and 
ciliates respectively are in part sensory. 
In ciliates there are certain cilia that are 
non-vibratile and appear to be sensory in 
function. Sensory organellae such as stig- 
ma, ocellus, statocysts and concretion 
vacuoles occur in many forms. 

Response to mechanical stimuli. ( 1 ) 

An amoeba turns away, i.e. shows nega- 
tive reaction when stimulated mechani- 
cally by the tip of a glass rod, (2) a sus- 
pended amoeba shows positive reaction 
when it comes in contact with a solid sur- 
face, The tip of the pseudopodium in 




Fig. 9.54. Figure showing the types of flagellar and 
ciliary movement (after Kudo; Kimball). 

A. Action of flagellum during forward movement. 

B. Flagellar action during lateral movement. C. 
Backward movement. D. Beating of flagellum 
during slight lateral movement. E. Action of a 
cilium. I-~3 effective strokes, 4-5 recovery strokes. 
F. Wave of ciliary movement in longitudinal axis. 
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reaction is shown by an amoeba during 
ingestion of solid food particle. 

Response to chemical stimuli. An 

amoeba reacts negatively when it is 
brought in contact with salt solution, 
methyl green or methylene blue. Ciliates 
show positive reaction to acid solution 
up to certain concentration. In higher 
concentrations the reaction becomes nega- 
tive. Ghemo taxis is of great importance 
for the existence of protozoa since it 
helps them to find out the proper food. 
With the help of chemotaxis the parasitic 
protozoa find the specific site of their 
residence in the body of the host. 
Chemotaxis is believed to have a role in 
the process of sexual reproduction in pro- 
tozoa. 

Response to light stimuli. All pro- 
tozoa are indifferent to an ordinary light 
source. Amoeba shows a negative reaction 
to strong light source while positive re- 
action to light is shown by stigma bearing 
mastigophora. Mastigophores in ajar con- 
centrate at a place where the light intensity 
is maximum, if the jar is placed in a dark 
place the organisms remain scattered 
throughout the container, become inactive 
and encysted and myxotropic forms start 
practicing saprozoic method. Protozoa 
are sensitive to ultraviolet rays. 

Response to electrical stimuli. Pro- 
tozoa in water have been subjected to 
electric current and it has been observed 
that amoeba shows negative reaction to 
anode and moves towards cathode, free- 
swimming ciliates move to the cathode 
excepting Paramoecium and Stentor which 
move to the anode. 

Response to temperature stimuli. 

There exists an optimum temperature 
range for each protozoan and it can with- 
stand a little fluctuation of this range. In 
temperatures higher than the optimum, 
the metabolic activities of protozoa in- 
crease and reproduction, in quick succes- 
sion, is followed. It is believed that tem- 
perature changes in the environment 
result in bringing forth different phases 
(trophic and cystic) in the life cycle of 
different amoebae. 

Response to gravity. Reaction to the 
forces of gravitation is dependent upon 
body organisation and locomotor orga- 
nelle. Bottom dwellers like Testacea show 


positive reaction to gravity while Para- 
moecium shows negative reaction. 

Response to water current. Free- 
swimming forms orient themselves against 
the current. Paramoecium places itself in 
the line of current with anterior end 
upstream. 

REPRODUCTION. Protozoaris reproduce 
in a variety of ways and the process of 
reproduction is variable amongst diff- 
erent groups. But in all essence and pur- 
pose protozoan reproduction is nothing 
more than the division of the cell. It 
reproduces both asexually and sexually . 

I. ASEXUAL REPRODUCTION. The fol- 
lowing types of asexual reproduction are 
recognised in Protozoa: 

A. Binary fission. It is the usual 
method in which the body of the individual 
divides into two equal halves and the 
furrow extends along the long and extend- 
ed axis of the body. Binary fission may 
occur in a transverse plane as in Paramoecium 
and in a longitudinal plane as in Euglena 
and peritrichous ciliates. The different 
organellae present in the body may divide 
or they may be retained by one of the 
daughter cells, while the other cell regene- 
rates the lost organelles. In extreme cases 
organelles disappear all together and are 
regenerated by both the offspring. Binary 
fission occurs in encysted condition in 
Colpoda and Tellina and in Testaceans one 
of the daughter individuals remains within 
the old test while the other moves away to 
form a new one. 

B. Multiple fission or Sporulation. 

In multiple fission the body divides and 
a number of daughter individuals are 
formed. The nucleus divides a number of 
times and a inultinucleate state results. 
The nuclei coine to the periphery and 
gather some amount of cytoplasm round 
them. The cell-membrane breaks and 
daughter individuals corresponding to the 
number of nuclei are produced. The 
number of individuals produced by mul- 
tiple fission varies and sometimes as many 
as 1000 individuals arc formed. Multiple 
fission occurs in Foraminifera, Radiolarians 
and Sporozoans. 

Multiple fission is also known by the 
following names : 

1 . Schizogony or Agamogony. When 
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the products of the fission directly develop 
into individuals as in Plasmodium in the 
red blood cells or hepatic cells of man. 

2. Gamogony. When the products are 
sex cells as the microgametocytes of Plasmo- 
dium. 

3. Sporogony. When it occurs follow- 
ing sexual fusion as in Monocystis and Plas- 
modium. 

C. Plasmotomy. It is the division of 
the cell body without nuclear division and 
occurs in many multinucleate ciliates like 
Opalina. 

D. Budding. It is a process in which 
one or more individuals are produced on 
the body of the parent and are budded off. 
The individuals generally do not resemble 
the mother and undergo further deve- 
lopment before or after being free. Bud- 
ding occurs only in Suctoria. The site of 
bud formation may be in or outer side of 
the body. 

1. Exogenous bud. When the buds arc 
constricted off to the exterior as in Nodiluca 
and some Myxosporidia . 

2. Endogenous bud. When the buds 
are formed in the brood chamber or 
internal spaces of the mother body and 
come out later as in Testaceous , Arcela , 
Suctorians and many Myxosporidia. 

E. Repeated fission. In which equal 
division of the nucleus occurs twice or 
thrice forming four or eight nuclei which 
do not separate till the process for 
which the nucleus divides is complete 
as in the micronucleus of Paramoecium 
and Volvox. 

II. SEXUAL REPRODUCTION. In Pro- 
tozoa the sexual reproduction occurs by 
the following processes : 

A. Syngamy or Copulation. In which 
union of two sexual cells, called gametes 
occur. On the basis of structure and be- 
haviour of the sexual units the following 
types of syngamy can be recognised : 

(a) Hologamy. In which no true gamete 
formation takes place but two mature 
trophic individuals unite with each other 
and fusion of both nucleus and cytoplasm 
takes place. It occurs in few flagellates and 
rhizopods. 

(t) Isogamy. The copulating sex units 
are similar in size and form and cannot 


be morphologically distinguished from 
each other though there exist physiolo- 
gical differences. The units are generally 
produced by multiple fission. Isogamy is 
common in Foraminifera, Grcgarines and 
Phytomonadina like Copromonas. 

(c) Anisogamy. It is fusion of dissimilar 
gametes. The copulating sex units are 
dissimilar in size, form and behaviour. 
The large and non-motile unit is called 
female or macrogamete and the small 
mobile one is termed male or micro- 
gamete in such fusion. They widely occur 
in Phytomonadina and Sporozoa, e.g. 
Plasmodium. 

(i d ) Autogamy. When the copulating 
units originating from the same mother 
fuse — the phenomenon is called auto- 
gamy as in Actinophrys. 

B. Conjugation. Conjugation may be 
defined as a temporary union of two 
individuals belonging to same species for 
the purpose of exchange of nuclear 
material. Conjugation is a complex pro- 
cess in which several nuclear divisions 
occur both in the preparatory and post- 
conjugation phases and one of these divi- 
sions is meiotic in nature. Conjugation 
occurs in Euciliatcs and Suctorians. 

Aberrant reproduction in Paramoe- 
cium. Peculiar variation in behaviour of 
Paramoecium in nuclear division during 
conjugation is encountered. These varia- 
tions in behaviour have been classified in 
the following ways: 

(a) Autogamy. Very similar to conjuga- 
tion but all the changes occur in a single 
individual. It is accompanied by fusion 
of pronuclei and meiosis and provides an 
opportunity for the reshuffling of genes. 
Autogamy occurs in Paramoecium aurelia. 

( b ) Endomixls. Similar to conjugation; 
but nuclear changes are &*estricted to a 
single individual. Fusion) of pro-nuclei 
and meiosis does not occujr though a new 
mcganucleus is formed oujt of the micro- 
nuclear material as in conjugation. Endo- 
mixis occurs in Par amoeciuni aurelia. 

( c ) Heptimixfe. The mcganucleus be- 
haves in a strange fashion. It divides into 
two or a part of it may be protruded into 
the cell mass. The meganuclear activity is 
independent of cell division or syngamy. 
It occurs in Paramoecium aurelia , P. caudatum 
and P. multimicronucleatum. 
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PARTHENOGENESIS. In case the syn- 
gamy is missed, gametes develop partheno- 
genetically. The examples are Actinophrys , 
Polytoma and Chlamydomonas. 

REGENERATION. Protozoa possess a 
remarkable power to regenerate lost parts, 
provided nuclear material is included. 
When an amoeba is cut into two parts 
and the parts are kept in proper environ- 
ment — the part without nucleus degene- 
rates while the nuclear part regenerates. 
Shell of Foraminifera regenerates if broken. 
Besides these restorative regenerations in 
protozoa there occur regenerations of lost 
parts like cilia, flagella, cytostorne and 
vacuoles after asexual and sexual repro- 
duction. The process of morphogenesis in 
regeneration and reorganisation has been 
a subject of research. 

NUCLEAR DIVISION 

A. Mitosis. The modes of nuclear 
division during reproduction are worthy of 
consideration. Earlier the existence of 
mitotic phenomenon in protozoa used to 
be disregarded and it was advocated that 
in protozoa there occurs ‘amitosis* or an 
unusual type of mitosis. Now it has been 
made evident that the nuclear division in 
protozoa passes through all the steps of 
mitosis and is identical with those of 
metazoan cells in most cases and in the 
rest they are abbreviated. The mitotic 
phenomenon in protozoa is described in 
the following ways: 

(1) Eumitosis. When there is distinct 
chromosome formation and chromosomes 
on the whole behave like those of the meta- 
zoan. Eumitosis is a common feature of 
free-living forms. 

(2) Paramitosls. The chromosomes 
during paramitotic division do not shorten 
at metaphase and remain asymmetrically 
arranged on the equator of the spindle. 
The sister chromatids do not lie side by 
side but hang together at one end. As a 
result during separation they present a 
picture of false transverse division of chro- 
mosomes. 

Paramitosis occurs in Coccidians, Dino- 
flagellates, etc. 

(3) Cryptomitosis. In cryptomitosis 
translation of the chromatin material into 
chromosomes is lacking and the whole 
chromatin material is lodged as a mass on 


the equator of the spindle. The chromatin 
mass becomes divided into two halves 
which go to the two poles. 

Cryptomitosis occurs in parasitic and 
coprozoic forms like Haplosporidium and 
Naegleria. 

B. Meiosis. The Protozoan nuclei 
undergo divisions prior to sexual repro- 
duction. And it is expected that one of 
these divisions should be meiotic in nature 
so that the constancy of the number of 
chromosomes could be maintained. Infor- 
mation about meiosis in protozoa is scanty 
or fragmentary. Meiotic division in pro- 
tozoa may occur before the formation 
of gametes (pre-gametic) or after the 
fusion of gametes (post-zygotic). Pre- 
gametic meiosis occurs in Paramoecium and 
post-zygotic in Telosporidia. 

CYTOPLASMIC DIVISION 

The division of nucleus is followed by 
division of cytoplasm and extranuclear 
organelles such as chromatophores and 
pyrenoid, blepharoplast and kinetosomc. 
But nuclear division in encysted condition 
results accumulation of cytoplasm round 
each nucleus and there is no cytoplasmic 
division in true sense. 

ENCYSTMENT 

Many protozoa exhibit a phase reversal. 
At one phase of life cycle they remain active 
and carry on vital life processes and in 
another phase they become inactive and 
discardmostof the life processes. Theacdve 
phase is called trophic or trophozoite stage 
and the inactive phase is called cyst and 
cystic stage. That means many protozoa 
are capable of existing alternately as 
trophic and cystic forms. 

During the transformation from trophic 
to cystic the trophozoites cease to ingest, 
extrude remains, of food particle and be- 
come round in appearance. This phase is 
called the pre-cysUc phase. De-differen- 
tiation of the whole organism now occurs 
and cell organellae like cilia, peristome, 
axostyle, contractile vacuole, etc., are ab- 
sorbed. Finally, they secrete substances 
which solidify and form resistant walls 
round the organism. Thus a cyst is formed. 
The number of walls in a cyst varies from 
1-3. The cysts are capable of remaining 
viable for a long time. The wall of the 
cysts contains siliceous plates in Euglypha, 
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cellulose in Phytomonadina and chitinous 
elements in most cases. 

Low and high temperature, evaporation, 
change in pH, accumulation of metabolic 
products and even over population are the 
conditions which lead a protozoa to encyst. 
Cysts may be protective when it is formed 
in unfavourable conditions, it may be 
reproductive when fission occurs inside the 
cyst and it may be digestive when it is 
formed immediately after food intake and 
overfeeding. On encountering a suitable 
and proper environment excystment oc- 
curs. During excystment various organel- 
lae characteristics of the organism are re- 
differentiated and reformed. The tropho- 
zoite emerges through a pore on the cyst 
wall. Little is known about the specific 
mechanism by which an aperture is form- 
ed on the cyst wall. The rapture of the 
cyst wall may be caused by the following 
processes: 

(i) Increase in the internal pressure by 
accumulation of water msiae uie cysi 
causes the rapture of the cyst wall which 
loses its rigidity and resistance. 

(ii) Pseudopodial activity inside the cyst 
wall leads to the formation of aperture 
on the cyst wall. 

(iii) Dobell has proposed that in Ent- 
amoeba secretion of an enzyme is respon- 
sible for the dissolution of the cyst wall. 

Experimentally encystment can be in- 
duced by the addition of fresh culture 
medium, distilled water, organic infusions 
and by lowering the temperature or 
changing the pH. 

The success and wide distribution of 
protozoa are probably due to its ability 
to encyst. The cysts are minute and are 
easily transported from one place to 
another by various agents such as wind, 
water current, soil particles, insects, birds 
and other animals. 

Encystment is an essential and impor- 
tant phase of life in most protozoa though 
the presence of this phase has not been 
encountered in Paramoecium and Amoeba 
proteus. 

WHY STUDY PROTOZOA? Study of 
Protozoa or Protozoology has a direct 
bearing on other branches of Zoology. 
Protozoa occur as single cell and provide 
excellent materials for the study of the 
nature and mechanism of cellular activity 
at unit level. Information accrued from 


such studies gives a thorough comprehen- 
sion of biology and Biological principles. 

Geneticists have focussed their attention 
on protozoa because the group “presents 
all problems of heredity and variation in 
miniature”. The advantage of using pro- 
tozoa as a genetic material is that it re- 
produces at a quicker rate and may offer 
a generation in a day for the study of varia- 
tion and heredity. Study of conjugation in 
Paramoecium has revealed many interest- 
ing information about protozoa genetics 
and the interrelationship between nuc- 
leus and cytoplasm in attributing here- 
ditary factors. 

Many protozoa live as endoparasites in 
man and domestic animals and cause 
diseases. Studies of protozoon parasites 
thus become an imperative necessity for 
medical practitioners and veterinarians. 

Study of a particular group of protozoa 
and their hosts helps in realising the geo- 
graphical condition of the planet earth 
which existed in remote past. The genus 
Zelleriella is a parasitic protozoa in the 
colon of frog, feller iella studied from frogs 
of South America and Australia have been 
found to be identical. It is more logical to 
think that there existed a land connection 
between Patagonia and Australia through 
which migration of frogs containing 
Zelleriella occurred than to think that both 
the host and parasite have undergone 
parallel evolution in these two continents. 

Parasitic protozoon remains confined to 
one or more specific hosts. A thorough 
study of the parasitic forms belonging to 
one and the same genus helps in estab- 
lishing or verifying the phylogenetic re- 
lationship between the hosts. From the 
study of the termite protozoa it has been 
shown that Blattidae and Isoptera are 
closely related. 

For a success in fish culture study of 
protozoa is essential. Small Aquatic orga- 
nisms as Crustaceans, Annelids and larvae 
of insects constitute the n|ain bulk of 
food for the fishes and the organisms on 
the other hand thrive on prjbtozoa. Thus 
the fishes are indirectly dependent upon 
protozoa and are related to it in the food 
chain. Myxosporidians are parasites on 
fishes and are responsible for large-scale 
fish death. Study of protozoa is thus a 
must in fishery. 

Application of protozoa in the bio- 
control of certain harmful insects is a 
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recent development. Microsporidians in- 
fect insect pests such as mosquito and 
Lepidoptera and heavy infection causes 
death. Destruction of these insects by 
pesticides sometimes fails as the insects 
develop an immunity to the pesticides. 
For the bio-control of pests attention has 
now been drawn on protozoa. 

Fossil forms of shelled protozoa like 
Foraminifcra and Radiolaria are used in 


the study of Geology and Palaeontology. 
Skeletons of Foraminifera occur in many 
rock strata and the foraminiferous rocks 
are useful in checking the logs during well- 
drilling. Skeletons of Radiolaria have 
formed many oozes of littoral and deep- 
sea regions and they are also found in 
silicious rocks. Study of the shells em- 
bedded in the rock strata helps in finding 
out the geological time scale and in 
petroleum prospecting. 


SUMMARY 


1. Phylum Protozoa is primitive and includes 
unicellular animals. 

2. The single cell of Protozoa performs all the 
vital functions of life. 

3. Protozoans are adapted to all sorts of en- 
vironments available to micro-organisms. 

4. The modes of life of Protozoa are free- 
living, parasitic* savrozoic or myxotrophic. 

5. Excepting a few rhizopods all Protozoa have 
more or less a fixed shape. 

6. Cell body of Protozoa consists of plasma- 
lemma, cytoplasm and nucleus. 

7. The shape, size and number of nucleus are 
variable. Generally they arc uninuclear but multi- 
nuclear condition is also common. In many 
ciliates there exist a macronucleus and one or more 
micronuclei. 

8. Cytoplasm is colourless, granulated, vacuo- 
lated or reticular in nature and is often differen- 
tiated into ectoplasm and endoplasm. 

9. Cytoplasm includes stored food like poly- 
saccharides and lipids. Mitochondria, Golgi appa- 
ratus and many pigments are also included. 

10. The plasmalcmma is a thin membrane and 
regulates the entry and exit of materials between 
the organism and environment. 

11. Some members have close fitting shells. 


12. Various organcllae arc included in the cell- 
body. 

13. Contractile vacuoles help in osmo-regula- 
tion and excretion. 

14. Food vacuoles help in housing the food and 
its digestion. 

15. Ciliates among the Protozoa have a per- 
manent mouth or cytostome. 

16. Locomotor organcllae arc of various nature 
and are the sole criteria in classification. 

17. Pseudopodia are locomotor organcllae in 
Sarcodina. 

18. Flagella and cilia are used in locomotion in 
Flagellates and Ciliates. 

19. Definite structure for respiration is absent, 
The whole body surface is used in respiration. 

20. Reproduction occurs in a variety of ways. 

21. Binary fission is the usual mode of repro- 
duction and it is asexual. Multiple fission is 
another mode. 

22. Sexual reproduction also occurs. 

23. Conjugation in Paramoccium is a compli- 
cated process. 

24. Under unfavourable condition many possess 
the capacity to become encysted. 

25. Study of Protozoa or Protozoology is impor- 
tant in many respects. 



CHAPTER 10 

Phylum Porifera 

In the history of animal evolution, the sponges are regarded as the first step to- 
wards multicellularity. The animals belonging to this phylum are generally called the 
sponges. They possess specialised structures like canals, spicules, gemmules and many 
others. They had long been included under Coelenterata. Grant (1836) studied the 
sponges quite extensively and gave the name Porifera (L. Porus— pore and ferro= to 
bear) to tne group (Fig. 10.1). The sponges are now given the independent status of a 
separate phylum. They have peculiar taxonomical status occupying a transitional phase 
between the Protozoa and other Metazoa, The sponges are distinct from the protozoans 
in having cellular grade of structural organisation and from other metazoans in lacking 
the tissue grade of construction. 



Fig. 10.1 Sectional view of a sponge. The body includes 
certain structures, i.c. pores, canals and spicules which are 
not seen in any other animal. 


IMPORTANT FEATURES 

1 . The sponges are sessile in adults. They 
have asymmetrical or radially symmetri- 
cal bodies with cellular grade of construc- 
tion. 2. The body is perforated by a num- 
ber of pores, hence the name of the group 
is Porifera. 3. They possess peculiar canal 
system through which water current flows 
and conveys food and oxygen. 4 * They 
possess one or many internal cavities lined 
by choanocytes. 5. They are without any 
organ system. 6. Nervous tissues are not 
formed. 7. In all the forms, one or more 
internal spaces with choanocyte lining, 
are present. 

OUTLINE CLASSIFICATION 

The phylum Porifera comprises of three 
classes — Calcarea or Calcispongiae , Hexactin - 
tUida or Triaxonida or Hydospongiae and 
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Demospongiae. There are about 5,000 
described species. 

Example of the Phylum Porifera — 

LEUCOSOLENIA 
The structural organisation of sponges 
will be best understood from the study of 
some simpler forms like the genus, Leucoso- 
lenia . This simplest form of ajponge repre- 
sents the asconoid type. It ha| a symmetri- 
cal vase-like body. The wall of the body 
is comparatively thin. Thjb inner side 
of the body wall is lined by flagellated cells 
or the choanocytes and the outer wall is 
called the epidermis. In between the epi- 
dermis and the choanocyte layer lies the 
mesenchyme . The mesenchyme has a gelati- 
nous matrix containing spicules and diff- 
erent types of amoeboid cells. The body 
encloses a cavity called spongocoel. The 
spongocoel opens to the exterior by an 
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aperture at the summit called osculum. 
The wall of the body is pierced by a large 
number of minute openings called the 
ostia . Each ostium is intracellular in nature 
and opens through a large tubular cell 
known as porocyte. The ostia connect the 
inner spongocoel with the external body 
surface. Water rushes into the spongocoel 
through the ostia and goes out to the 
exterior through the osculum. The cell 
types and mode of life resemble the 
pattern of other sponges and will be dis- 
cussed in detail with the description of 
another example of the phylum, i.e. Sycon. 

Example of the Phylum Porifera — 
SYCON (SC TP HA) 

Habit and Habitat. Sycon is a marine 
sponge and remains attached to solid sub- 
strata like rocks, shells of molluscs and 
corals. The name of genus, Sycon is re- 
placed by Scypha by de Laubenfels (1936). 
But in our present discussion the name 
Sycon is retained. The different species of 
sponges under the genus do not tend to 
live at greater depths in the ocean. 

Structure. The sponges exhibit a great 
diversity in form. They range from a 
very simple to more complicated forms. 
Sycon occupies an intermediate status from 
the point of structural diversities. It 
has the form of branched cylinders of about 
2*5 to 7*6 cm. in length. All the 
branches are connected together at the 
base which remains attached to the sub- 
stratum. Though the body lias a firm 
consistency, it is slightly flexible. Close 
examination of the surface reveals the 
presence of innumerable minute inhalant 
pores or ostia. The free end of each cylin- 
drical branch possesses an opening at 
the summit. This opening is known as 
osculum (Fig. 10.2). 

Canal system. Sycon, like all other 
sponges, possesses the characteristic ana- 
tomical peculiarity — the canal system . It 
permeates the body with water channels. 
It plays a very important role in the life 
of Sycon. The particular type of canal 
system encountered in Sycon is known as 
the Syncoid (Stage I) type (Fig. 10.3) which 
is practically more advanced than the 
asconoid canal system. 

If the cylindrical body of Sycon is bi- 
sected longitudinally, it is observed that the 
osculum leads into a narrow tubular cavity 
called the paragastric cavity or gastral cavity 


or spongocoel . Although this cavity is vari- 
ously named, the name of spongocoel 
seems to be most appropriate. 



The body wall lining the spongocoel is 
outpushed at regular intervals as finger- 
like projections. These projections are 
called radial canals. The wall of the 
radial canal is lined with choanocytes. In 
between two successive radial canals, 
a tubular space called incurrent canal 
is present. Thus radial canals and in- 
current canals are arranged alternately 
and the latter opens to the exterior 
through ostia. The wall between the in- 
current and radial canals is pierced by 
numerous minute pores called prosopy - 
les. In Sycon, each prosopyle is an inter- 
cellular space or channel while in Leuco- 
solenia these pores are intracellular. The 
openings of the radial canals into the 
spongocoel are called internal ostia or 
apopyles. Finally the spongocoel opens to 
the exterior by osculum. 

The circulation of water in Sycon takes 
place in the following way (Fig. 10.4). 
The course of water current has been stu- 
died by the application of fine carmine 
particles to the surface of the body. 
The water rushes inside the body through 
numerous ostia along the external surface. 
Each ostium or dermal pore leads into an 
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Fig. 10.3. Sectional view of Sycon (Diagrammatic). A. A portion of the body to illustrate the arrange- 
ment of canals. B. Part of ‘A* is magnified to show the histological details (after Parker & 
Hatwell). 
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incurrent canal. From the incurrent canal, 
the water flows inside the radial canal 
through prosopyle. From radial canal 
water passes out through apopyles into the 
spongocoel. The spongocoel is thus a 
common chamber within which all the 
radial canals of the body open. The 

incurrent dermal exterior 

canals pore 


prosopyles 

I 

radial 

canal 


apopyles 


excurrent 

canal 


osculum 


spongocoel 


Fig. 10.4. Course of circulation of water in Sycon 


spongocoel ultimately opens to the exterior 
through an aperture, the osculum. Water 
enters inside ‘the body through numerous 
doors (ostia) but passes out through a single 
opening (osculum). The synchronous 
beating of the flagella of choanocytes in 
the radial canals produces a current which 
in one hand draws the water inside and 
on the other hand forces it to go out . 

Microscopic organisation* The mic- 
roscopic organisation shows the presence 
of a single layer of cells covering the outer 
surface of the body. This outer layer is 
designated as the dermal layer. Needle- like 
spicules are seen to project from tins layer. 
This layer is composed of large cells called 
the pitwcocytes. The spongocoel is lined by 
a layer of flattened endodermal cells. 
Radial canals are lined by peculiar collar 
cells, each having a long whip-like flagel- 
lum. These cells are called the choano- 
cytes or collar cells or gastral cells . Each 
choanocyte has a round or oval body. It 
possesses a nucleus and one or many 
vacuoles in its cytoplasm. The free end of 
the cell body has a comparatively longer 
flagellum and the base of the flagellum is 
surrounded by a contractile transparent 
collar-like outgrowth of the cytoplasm. 
Electron microscopic studies have re- 
vealed that the collar-like outgrowth is 
composed of cytoplasmic tentacles. The 
number of such tentacles is variable. The 
incurrent canals are lined by dermal cells. 

The spicules, which constitute the 
skeleton of Sycon, develop from the 
scleroblasts . These structures are regularly 


arranged and protect the softer parts. 
Triradiate as well as tetraradiate spicules 
arc common. Besides these, simple club- 
like oxeote spicules are also present. 

The intermediate layer consists of gela- 
tinous matrix with spicules and numerous 
amoeboid cells. Some of the amoeboid 
cells are large and their nuclei show dis- 
tinct nucleoli. These cells are called 
archaeocytes , which are of different forms 
and sizes. Most of the other cells are 
smaller and stellate-shaped and possess 
radiating processes. These cell types are 
usually called the collencytes or connective 
tissue cells. 

The osculum, prosopyles and apopyles 
have elongated narrow cells which prolong 
into narrow fibres around the aforesaid 
apertures and help them to close, when 
necessary. 

Nutrition, Respiration and Excre- 
tion. The sponges feed on micro-organisms 
which enter into the body along with the 
water current. The choanocytes engulf 
them and pass them to the amoeboid cells 
situated below the choanocytes. The diges- 
tion lakes place inside the amoeboid 
cells and assimilated products are con- 
veyed to the various parts of the body. 
Thus nutrition is holozoic and digestion is 
intracellular, a process comparable to that 
of protozoans. Some amoeboid cells often 
contain chlorophyll or green pigments 
arid carry out autotrophic nutrition like 
green plants. The presence of algae within 
the sponge body also helps in nutrition. 
Respiration and excretion take place by 
diffusion. The contractile vacuoles are re- 
corded in the amoeboid cells of fresh-water 
sponges which probably play important 
role in osmo-regulation and excretion. 

Reproduction. Sycon reproduces both 
asexually and sexually. During asexual 
reproduction it produces bud and some- 
times produces special bodies resembling 
the gemmules of fresh-water sponges. 

During sexual reproduction, both sperms 
and ova are produced from the archaeo- 
cytes which are present in the mesoglea. 
It is claimed that the sex cells are also 
produced from adult choanocytes. The 
sperm cells have long tails and swim 
freely in water current. The ova are 
amoeboid and wander through the meso- 
glea. The ova may grow up in size by 
ingesting other cells. The sperm cell does 
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not enter the ovum directly. The union is which is nearer to the egg captures it. 
assisted by a choanocyte. When sperm cells The choanocy te which absorbs the sperm 
enter the radial canal, the choanocyte discards its flagellum and collar and comes 



Fig. 10.5 Schematic representation of sexual reproduction in Sycon. A. Sperm cells enter will the 
water flow into the radial canal. The matured egg waits beneath the lining of the choanocy tcs. 
B. The choanocyte nearer to the egg engulfs the sperm. G. The sperm is then transferred to the egg 
for fertilisation. 




Fig. 10.6. Stages of development in Sycon (after Parker &, Haswell). 

A. Amphiblastula stage. B. Invaginating amphiblastula stage. Note that the flagellated cells are 
going to be tucked in. G. Sectional view oflatc amphiblastula showing the invagination of flagellated 
cells. D. Fixed stage of larva (sectioned to show internal disposition). 
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very near the egg. This choanocyte is 
named as the carrier cell . The sperm sub- 
sequently loses its tail and enters the egg. 
The carrier cell is ultimately absorbed. 
The early development takes place within 
the body of the mother sponge (Fig. 10.5). 
When the development is complete, the 
larva forces its way into the radial canal 
and finally to the exterior. 

Development. The fertilized egg or 
zygote divides repeatedly to form a round 
mass of cells (Fig. 10.6). It is mostly 
covered with homogeneous cells but at one 
end a few thickly granulated cells appear. 
The homogeneous cells grow flagella and 
completely enclose the granulated cells. 
Soon the cells at one half lose their 
flagella and become large and granular. 
This stage is called amphib las tula stage and 
the larva in this stage leaves the parent 
body. Gradually the flagellated cells 
invaginate and finally the granular cells 
completely enclose the flagellated cells. 
The flagellated cells form the choanocyte 
lining while the granular cells give rise to 
the dermal epithelium. The larva fixes 
itself to a substratum and an aperture 
called osculum appears at the free end. 
Further growth results into the thickening 
of the wall within which flagellate cells 
traverse and thus leads to the formation 
of radial canals. Numerous pores appear 
on the sides to form inhalant apertures. 

CLASSIFICATION 

Opinions vary regarding the classifica- 
tion of sponges. The grouping is based 
primarily on the nature of spicules and 
such divisions are not unanimous parti- 
cularly in the case of horny and siliceous 
sponges. The scheme of classification of 
the Phylum Porifera adopted in the present 
text is based on the classificatory plan 
outlined by L. H. Hyman in her book, 
“The Invertebrates: Protozoa through 
Ctenophora Vol. I”. 

GLASSIFICATION IN OUTLINE 

PHYLUM PORIFERA. The phylum is 
subdivided into three classes — Calcar ea, 
Hexactinellida and Demospongiae . 

1. Class Calcarea or Calcispongiae 

Order Homocoela, e.g. Clathrina , Leu - 
cosolenia 

Order Heterocoela , e.g. Sycon (i Scypha ). 


II. Class Hexactinellida or Triaxo- 
nida or Hyalospongiae 

Order Hexasterophora , e.g. Euplectella 
Order Ampkidiscophora, e.g. Hyalonma 

III. Class Demospongiae 

A. Subclass Tetractinellida 

Order Myxospongida , e.g. Oscare'lla 
Order Carnosa , e.g. Plakina 
Order Choristida , e.g. Ancorina 

B. Subclass Monaxonida 

Order Hadromerina, e.g. Poterion , 
Cliona 

Order Halichondrina, e.g. Halichondria 
Order Poecilosclerina , e.g. Microciona 
Order Haplosclerina e.g. Spongilla 

G. Subclass Keratosa, e.g. Euspongia 

CLASSIFICATION WITH 
CHARACTERS 

Class Calcarea or Calcispongiae 

The sponges included under this class 
have comparatively large collared cells and 
the skeleton is represented by free calca- 
reous spicules. Such spicules contain more 
calcium carbonate than magnesium car- 
bonate. For example, in Leucandra the 
spicules contain — CaC0 3 87%, MgCO a 
7%, Organic matters in traces. The 
sponges included under this class are 
comparatively smaller in size extending 
up to 10 cm. in height. Individualism is 
strongly marked. The osculum is narrow 
and placed terminally. The osculum is 
provided with oscular fringe. 

The Class Calcarea contains two orders: 

Order Homocoela. Typical examples of 
this order are Clathrina , Leucosolenia , A scute, 
Ascyssa and Dendya. The choanocyte 
cells are present throughout the internal 
lining membrane. 

Order Heterocoela. Typical example is 
Sycon. Only the radial canals are lined by 
< hoanocytes. 

Class Hexactinellida or Triaxonida 
or Hyalospongiae 

Triaxon siliceous spicules or their modi- 
fications are present either as separate 
entity or as networks.' Ghoanocytes are 
restricted to finger-like simple or folded 
chambers. The wall encloses a spongocoel 
which opens by a wide osculum. It may 
be covered over by a sieve- like plate 
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of silica. The chemical analysis has 
revealed that (e.g. Monorapkis ) the spicule 
contains SiO a 86%, water 9%, inorganic 
elements 3%, spiculin (a protein) 2%. 

Order Hexasterophora. The typical ex- 
ample is Euplectella where the spicules are 
hexasters and never amphidiscs. 

Order Amphidiscophora . The example of 
this order is Hyalonema, The hexaster spi- 
cules are absent and the spicules are 
amphidiscs. 

Class Demospongiac 

This class includes the sponges which arc 
either skeletonless or only spongin fibres 
are present or both spongin fibres and 
siliceous spicules are present. These sili- 
ceous spicules are never triaxon. The 
choanocytes form very small, round type 
of flagellated chambers. 

Subclass Tetractinellida. 

Sponges under this subclass are charac- 
terised by the possession of tetraxon spi- 
cules but the spongin fibres are absent. 
In certain forms the spicules may be ab- 
sent. 

Order Myxospongida. The typical repre- 
sentative is Oscarella where spicules are 
absent. 

Order Carnosa or Homosclerophora or 
Microsclerophora. 

The typical representative is Plakina. 
The megascleres and irticroscleres arc not 
distinctly separable. 

Order Choristida. The typical examples 
of this order are Ancorina , Craniella. Spicules 
are long-shafted. Megascleres and micro- 
scleres are distinctly differentiated. 

Subclass Monaxonida 

The sponges included under this sub- 
class possess spicules of monaxonial mega- 
scleres. Spongin may or may not be pre- 
sent. 

Order Hadromerina or Astromonaxonellida . 
Megascleres are mostly tylostyles, i.e. 
broad end is knobbed. Microscleres are 
usually wanting; when present, they are in 
the form of a star. Spongin is absent. 
Tethya and Cliona are typical examples. 

Order Halichondrina. The example of 
the order is Halichondria. Megascleres are 
always of more than one kind. Microscleres 
are usually absent. Spongin is very scanty. 

Order Poecilosclerina. The example of 
the order is Microciona . Megascleres are 


usually of two or more kinds and are 
localised. Microscleres include the G- 
shaped, cuived and bow-shaped types. 

Order Haplosclerina . Haliclona and Spon- 
gilla are typical examples. The megascleres 
are always diactinal, i.e. growth takes 
place at both directions and are not loca- 
lised in distribution. Microscleres may or 
may not be present. Spongin is usually 
present. 

Subclass Keratosa 

The typical example of this subclass is 
Euspongia. The skeleton is exclusively 
composed of spongin fibres. The siliceous 
spicules are usually absent. 

GENERAL NOTES ON 
SPONGES 

HISTORY 

The biological nature of sponges had 
been a debated issue until well into the 
19th century. Up to the 18th century 
sponges were not considered as animals. 
Ellis in 1765 noticed the flow of water and 
contractile activity of osculum in sponges 
and established their animal nature. 

Linnaeus, Lamarck and Cuvier consi- 
dered them as related to "anthozoan polyp 
and included sponges within Zoophytes or 
Polyps. Sponges were included under 
coelenterates up to nineteenth century 
though de Blainville (1816) proposed to 
separate sponges from coelenterates and 
created a group Spongiana having relation- 
ship with protozoa. R. E. Grant studied the 
morphology and physiology of sponges in 
greater details (1825) and framed the 
group Porifera. Huxley (1875) and Sollas 
(1884) wanted the sponges to be excluded 
from metazoan. These views were ignored 
till the middle of twentieth century, when 
they were treated as a separate branch 
called Parazoa . Recently Tuzet (1963) has 
expressed the view' that plough sponges 
possess many primitive features, yet there 
is no doubt that they are ii| the direct line 
of metazoan evolution. f 

HABITAT 

The Phylum Porifera includes nearly 
5000 described species. 

Most of them are marine excepting 150 
fresh water sponges of the family Spongilli- 
dae. These sedentaric animals usually 
stay in low depths and use solid surface 
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for fixation, but glass sponge reaches at 
greater depth and anchors on soft sedi- 
ments. Cliona bores on the molluscan 
shell and is known as boring sponge. 
Sponges may be of varied colours and their 
shape depends upon the sites of their stay. 
The largest sponge is Spheciospongia vesparum 
having a diameter of two metres. Certain 
sponges, e.g. Tethya can contract its entire 
body, while in most cases the contracti- 
lity is restricted around the osculum. 
During unfavourable condition most 
sponges shrink and form restitution bodies, 
which grow in favourable condition. In 
fresh water sponges specialised bodies 
called gemmules are formed for the same 
purpose. The gemmules remain viable for 
a period ranging from two months to three 


of various types of cells (Fig. 10.7) which 
hardly form any tissue. There is no organ or 
organ system. They lack mouth and diges- 
tive cavity. Vital functions arc performed 
by independent activities of the cells. 
In simple asconoid sponges the wall is 
composed of an outer dermal epithelium or 
epidermis and an inner epithelium consisting 
of Choanocytes . A mesenchyme containing 
skeletal spicules and several types of free 
amoeboid cells are present between the 
epithelia. The spicules support the body 
wall and hold the sponges erect. The 
mesenchymal cells originate from the outer 
epithelium, hence it may be considered as 
ectomesodcrm. The body surface is perforated 
by pores acting for ingress of water. 

Pinacocytes. The surface of the body or 



Fig. 10.7. Various cell typos in sponges. A-G. From fresh water sponge, a-c. From Microciona. 
d. From Seypha. e. F rom Leucosolenia. A. Archaeoeyte. B. Amoebocyte. C Ghoaiiocyto. I). Sclcroblast. 
E. Pinacocyte. F. Egg cell. G. Sperm cell. a. Globo ferrous amoebocyte. b. Granular ainocbocyte. 
c. Archaeoeyte. d. Ghoanocyte. e. Amoebocyte. 


years. Many annelids and crustaceans 
.live as symbionts with sponges. The body 
of sponge harbours many blue green and 
green algae. The well-known enemies of 
sponges are coral-reef fish, limpets and 
nudibranchs. 

STRUCTURAL PECULIARITIES IN 
SPONGES 

There are various types of sponges rang- 
ing from simple to complex. They have 
all in common certain structural features. 
The body is composed of loose aggregation 
11 [vol. i»76] 


epidermis is lined by pinacocytes. Each 
pinacocyte is a large flat polygonal cell. 
.* he central part of the cell is thickened 
due to the placement of nucleus. Pinaco- 
cytes may also line the spongocoel and 
incurrent canals of syconoid sponges and 
also the spaces in leuconoid sponges. Such 
pinacocytes are sometimes referred to as 
endopinacocytes. Pinacocytes are highly con- 
tractile cells and can reduce the surface 
area of sponges. In many sponges a definite 
epidermis is absent as in HexactinellicUu 
It may form a syncytium in SOW GM&JE 
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Porocytes, The pore cells or porocytes 
occur among the pinacocytes at frequent 
intervals. The porocytes are usually re- 
garded as transformed pinacocytes but 
Prenant (1925) opines that the porocytes 
are the derivatives of amoebocytes. Poro- 
cytes are tubular cells extending from 
the epidermis to the spongocoel. They are 
pierced by a central canal which acts as an 
incurrent passage. The cytoplasm of these 
cells contains many round inclusions. 
The porocytes are also highly contractile. 
The closure of the pore is effected by the 
advancement of a thin cytoplasmic sheet 
called the pore diaphragm from the margin 
to the centre at the outer end of canal. 

Choanocytes. Inner surface of the body 
is lined by specialised cells, the choanocytes. 
The collar cells or choanocytes are speci- 
alised cells with a rounded or oval base 
resting on the mesenchyme and a contrac- 
tile transparent collar which encircles the 
base of a single long flagellum. These cells 
are much larger in size in Calcarea than in 
other sponges. Spicules are formed by the 
deposition of the scleroblasts. 

Mesenchyme. The mesenchyme is com- 
monly called the mesoglea. The mesoglea 
consists of a transparent gelatinous matrix 
of protein nature in which different types 
of cells like archaeocytes, amoebocytes , sclero- 
blasts and germ cells are present. The meso- 
glea is divided into two types: (i) Gotten - 
chyma and (ii) Parenchyma. When the 
mesenchyme contains few cells — this is 
called collenchyma. The mesenchyme 
with many cells is designated as paren- 
chyma. 

Amoebocytes. Amoebocytes are amoe- 
boid in nature. They perform various 
functions and are responsible for pro- 
ducing other cell-types by the process 
of transformation excepting possibly the 
choanocytes. The amoebocytes are most 
important cellular entities in the life of 
sponges. The amoebocytes arc of several 
varieties in different sponges. The types 
are: (i) Colleneytes: amoebocytes with slen- 
der and branching pseudopods. (ii) Chromo - 
cytes: with lobose pseudopods and pig- 
mented cytoplasmic inclusions, (in) Theso - 
cytes: with lobose pseudopods and many 
food reserves, (iv) Scleroblasts: producing 
skeleton and subdivided into (a) Calicoblasts , 
(A) Silicoblasts and (c) Spongioblasts accord- 
ing to the nature of secreted skeleton. 
Uj) Archaeocytes: The amoebocytes with 
blunt pseudopods, conspicuous nuclei with 


large nucleolus are referred to as the 
archeocytes. The archeocytcs are actually 
the generalised amoebocytes which play 
the dominant role in regeneration, repro- 
duction and differentiation of other cell- 
types. Besides these cell-types long slender 
cells called the desmocytes are present spe- 
cially in Demospongiae. Many fusiform 
contractile muscle cells or myocytes are pre- 
sent around the osculum. 

CANAL SYSTEMS IN SPONGES 

The structural complexities in sponges 
are primarily due to possession of canal 
system. This system constitutes the most 
vital system, because all the cell types work 
on the background of this system. So con- 
sideration of the different types of canal 
systems seems to be all the more necessary. 

It has already been discussed that 
sponges bear a large number of pores on 
their body surface which lead into a sys- 
tem of channels permeating almost the 
whole body and ultimately open to the 
exterior. Canal system in sponges ranges 
from a very simple grade to highly com- 
plex type. The following types of canal 
systems are encountered in different spo- 
nges (Figs. 10.8 and 10.9). 



Fig. 10.8. Showing the Syconoid (Stage II) Canal 
system in sponge. 


ASCONOID TYPE. The asconoid type of 
canal system is regarded to be the most 
simple grade of canal system. Asconoid 
type is present in these sponges whose 
body is vase-like and radially sym- 
metrical. The wall is extremely thin. 
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It encloses a large spongocoel opening 
at the summit by a narrow osculum. The 
spongocoel is lined by choanocytes. The 
wall is pierced by numerous microscopic 
apertures termed as the incurrent pores or ostia 
which extend from the external surface to 
the spongocoel. Each pore is intracellu- 
lar ly disposed in a porocyte. The asconoid 
type of canal system is characterised by 
the presence of a complete continuous 
lining of choanocytes interrupted only by 
the porocytes. The course of water cur- 
rent is as follows: 

Dermal pores — ►Interna- ostia 


I * 

Exterior «*•- Osmium 

Ascon type 

SYCONOID TYPE. The syconoid type of 
canal system represents the transitional 
grade between the simplest ascon type and 
more complex cmrs. The first step above the 
asconoid type of canal system is represent- 
ed by the syconoid type of canal system. 
The complication is due to the outpushing 
of the wall into finger-like projections called 
the radial canals at regular intervals. In this 
type of canal system, choanocytes are only 
limited to the radial canals. Their de- 
tailed account has already been described 
with the biology of Sycon. The syconoid 
canal system is represented by two grades: 

(i) Syconoid (Stage I) 

( ii ) Syconoid (Stage II) 

Syconoid (Stage I): TheSyconoid(Stage I) 
type of canal system is found in the hetero- 
coelous calcareous sponges typified by 


Syconoid (Stage II) s The Syconoid (Stage 
II) canal system is found in many genera of 
calcareous sponges, viz. Grantia , Grantiop- 
sis ? Heteropia , Ute , etc. The complication 
is due to the spreading of the dermal 
membrane (consisting of epidermis plus 
a thin layer of mesenchyme) over the 
entire surface of the sponges to form the 
cortex of variable thickness. The walls of 
the radial canals fuse in such a fashion 
that tubular spaces (incurrent canals) are 
formed which open to the exterior through 
dermal ostia or dermal pores. The incurrent 
canals traverse along irregular course 
through the cortex before reaching the 
outer ends of the radial canals. Sometimes 
large irregular cortical spaces or subdermal 
spaces may be produced (Fig. 10.8). 

LEUCONOID TYPE. In this type of 
canal system the choanocyte lining of 
radial canals evagi nates into many small 
chambers which repeat the same process 
to give rise to a cluster of small flagellated 
chambers. In many cases dermal pores 
open into subdermal spaces. The sub- 
dermal space and incurrent canals lead 
into the small rounded flagellated cham- 
ber through an opening termed as prosopyle . 
The flagellated chambers open by apopyles 
into excurrent canals which form large 
tubes. The largest one leads to osculum. 
Few gradations of leuconoid type of canal 
system are seen in sponges. They are: 

(i) Eurypylous type. When apopyles 
are in direct communication with excur- 
rent canals by broad mouth. 

(ii) Aphodal type. When a slender 
canal called aphodus connects the chamber 
to the excurrent canals. 


Dermal ostia 
t 


Exterior 

t 


Osculum < 


-►Subdermal spans 
and many incurrent 
canals 


► Prosodus (when present) 
Prosopylcs 

I 

Flagellated chambers 

i 

Apopyles 


Large canals 4 

Leuconoid type 

Leuconoid type 


many 

.xcurrcnt* 

canals 


I 

—Aphodus (when present) 


Seypha where the cortex is not formed. The 
radial canals are the free projections of the 
wall and the external surface is composed 
of the blind outer ends of the radial canals. 
The incurrent canals have not definitely 
formed and the spaces between the radial 
canals serve as the dermal ostia. 


(Hi) DIplodal type. When a narrow tube, 
the prosodus is present between the incur- 
rent canals and the flagellated chambers. 
The scheme of circulation is shown above. 

The main advancement of leuconoid 
canal system over that of syconoid type of 
canal system is due to : 
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(i) the limitation of choanocytes only to (it) the gradual development of the 


the small chambers, 


mesenchyme and 


.oscula. 



prosopyle 


incurrent 
canal - 

radial canal— 


-spongocoe 


am 



apopyle 




Ascon type 




flagellated chamber 
*sL ^prosopyle 


mk : 7 



dermal ostia 


Sycon type 




-incurrent 

canal 

-apopyle 


Aphodus- 



Leucon type (Eurypylous) 


Leucon type (Aphodal) 



fe-prosodus 


aphodus 



Leucon type (Diplodal) 


Rhagon type 


Fig. 10.9. Schematic r (.-presentation of canal system in sponges. The sycon type of canal system 
drawn here actually represents the syconoid (Stage I) type. Dark bands indicate choanocyte layers 
and arrows denote the course of water flow (after Hyman). 
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(m) the elaboration and complication of 
the incuirent and excurrent water passa- 
ges. 

RHAGON TYPE. The body is conical with 
osculum situated at the summit. The 
spongocoel is bordered by oval flagellated 
chambers, opening into it by wide apo- 
pyles. Between the epidermis and the 
chambers lies a considerably thickened 
mesenchyme which is traversed by in- 
current canals and subdermal spaces. 

The differences between four basic 
types of canal system in sponges are shown 
in Table 1 — Porifera. 


choanocytes. But, as the flagella do not beat 
in co-ordination, how such a synchronous 
flow of water current is produced is not 
clearly understood. 

SKELETON 

The skeleton in sponge is a very pecu- 
liar cellular derivative. The origin, 
structure and significance of the skele- 
ton in sponges are very difficult to 
explain. The skeletal elements found in 
sponges can be divided into two types : 

Spongin. The spongin comprises of 
fibres of spongin and they resemble silk in 


Fable 1 — Porifera 


Points 

Asconoid 

TYPE 

Syconoid 

TYPE 

Leuconoid 

TYPE 

Rhaqon type 

1. Wall 

Simple. 

Evaginated to 
produce radial 
and incurrent 
canals. 

Irregular. 

Simple. 

2. Mesen- 
chyme 

Simple and 
thin. Com- 

pletely travers- 
ed by poro- 
cytes. 

Thickened 
and not com- 
pletely travers- 
ed by poro- 
cytes. 

Highly elabo- 
rated, travers- 
ed by incurrent 
canals or sub- 
dermal spaces. 

Considerably 
thickened, tra- 
versed by incur- 
rent canals and 
subdermal spaces. 

3. Choano- 
cytes 

Lined the 

spongocoel. 

Limited to the 
radial canals. 

Limited to the 
j flagella t ed 

1 chambers. Fla- 
gellated cham- 
• bers open by 
nairow apo* 

| pyles. 

Limited to the 
flagellated cham- 
bers which open 
by wide apopyles. 

4. Spongocoel 

Spacious. 

Spacious. 

Usually obli- 
terated. 

1 

Spacious. 


* Canal system in sponge furnishes a 
peculiar kind of pump, driving in and out 
the current of water. A sponge, called 
Callyspongia having a body of 10 cm. long 
and 4 cm. diameter, pumps 78 litres of 
water in a day. Another sponge, Leuconia 
aspera having almost an identical body, 
drains 22*5 litres. A flow of water through 
the body : s essential because there is no 
other fluid circulating in the body. It 
supplies food and oxygen and helps to 
remove waste products. Water current is 
caused by the beating of the flagella of the 


appearance. These are proteinaceous sec- 
rciion of the spongioblast r and form a net- 
work, In most cases, the spongin fibres are 
composed of protein termed spongin-B. In 
some cases the fibres are composed of 
collagen called the spongin- A. 

Spicules. The spicules or schrites have 
definite bodies consisting of spine or spines 
radiating from a point. Each spicule con- 
sists of an axis of organic material around 
which inorganic substances are deposited 
cither in the form of calcium carbonate or 
hydrated silica. They exhibit a great* 
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variety of form and shape. The spicules 
are broadly divided into two principal 
types depending on size. These are: 

(i) Megascleres or the large skeletal spi- 
cules and (it) Microscleres or the small spi- 
cules. The megascleres actually form the 
chief skeletal framework of the sponges. 
The microscleres are present throughout 
the mesenchyme. But such division of 
the spicules on the basis of size, is not 
regarded to be accurate. They are best 
classified into different types according 
to the number of their axes and rays (Fig. 
(10.10). The types of spicules recorded be- 
low are mainly based on the above cri- 
teria: 

Monaxon type. They are formed by the 
growth in one or both directions along a 
single axis. The axis may be straight or 
may be curved. The monaxon type of 
spicules is of two kinds: (i) Monactinal 
monaxon , when the growth occurs in one 
direction and (ii) Diactinal monaxon> when 
growth occurs by proliferation in both 
directions from a central point. 

Tetraxon type. This type of spicule con- 
sists typically of four rays radiating from a 
central point. Subsequently by loss of 
ray or iays, they may secondarily become 
three, two or one-rayed. There are several 
varieties of tetraxon spicules. These are: 
(i) Calthrofis: When the fo,ur rays are almost 
equal, (ii) Triaenes: When one ray is elon- 
gated ( rhabdome ) and other three are short 
(i cladome ), (Hi) Diaenes: When one of three 
cladi is lost and (iv) Triradiate: a special 
type of triaene where the rhabdome is lost. 

Triaxon type. This type of spicule is fun- 
damentally composed of three axes which 
cross at right angles and produce six rays 
( hexactinal ) arising from a central point. 

Polyaxon*. When several equal rays radi- 
ate from a central part, the spicules are 
called polyaxon type. The poly axons are 
divided into two broad categories: (a) 
with small centres and long rays and (b) 
large centres with small rays. The first 
category of spicules is subdivided into: (i) 
Oxyasters (pointed rays), (it) Strongylasters 
.( rounded ends) and (in) Tylasters (knobbed 
rays). The second category is subdivided 
into : (i) Spheraster (with definite rays) 
and (it) Sterr asters (with reduced rays). 

Sptareg. The spicules under this category 
are rounded bodies where growth occurs 
in concentric manner around a centre. 


Desma. This type consists of minute 
monaxon or triradiate tetraxon spicule 
called crepis on which layers of silica have 
been deposited irregularly. The desmas 
are classified into four types depending on 
the shape of the crepis. These are: ( i ) mono - 
crepid , (ii) tricrepid , (in) tetracrepid and (iv) 
lilhistid desmas. The first three types have 



Fig. 10. 10. A few types of spicules of sponges. 
1. Monaxon-sty le. 2. Monaxon diactinal-oxea. 
3. Triaxon-regular hexactine. 4. Tetraxon-cal- 
throps. 5. Polyaxon-oxyaster. 6. Desma. A-C. Deve- 
lopment of monaxon spicule. D-F. Formation of 
triradiate spicule. Note that the founder cells are 
present at the centre of the developing spicule and 
the thickener cells are located at the tip of the rays, 
(after Hyman). 
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monaxon, triradiate and tetraxon crepis 
while the fourth variety is formed by the 
union of the first three varieties in the form 
of a network. 

Development of spicules. Spicules are the 
secretory products of the scler oblasts. 
The origin of calcareous spicule is clearly 
known. The formation of monaxonic 
calcareous spicule begins as minute 
deposition of calcium carbonate in the 
interior of a binucleatc scleroblast laid 
down around an organic axial thread. 
Spicule begins to be deposited between 
the two nuclei which ultimately separate 
the cell into two. Of the two cells, one is 
known as the founder cell and the other cell 
is designated as the thickener cell> which de- 
posits additional layers of calcium carbo- 
nate. In the formation of triradiate spi- 
cule three scleroblasls participate and act 
more or less in the same way. Figure 10. 10 
(A-F) shows the formation of monaxon and 
triradiate spi v uks. As regards the develop- 
ment of siliceous spicule details are not 
clearly known. 

Taxonomic significance of spicules in spon- 
ges. Existence of spicules in sponges helps 
the taxonomists greatly in arranging the 
diverse species of sponges into regular and 
definite orders. Classification of sponges 
is largely based on the type of spicules they 
possess. It is interesting to note that in 
porifera evolution has taken place in the 
mesenchyme and not in the epithelial 
layer 

AFFINITIES OF SPONGES 

Sponges represent the oldest form of 
metazoa. Fossil sponges were discovered 
from beds of Europe, Asia and North 
America, which are more than 600 million 
years old. The most widely known fossil 
genus is Archaeocyathus . No one questions 
the multicellular nature of sponges. The 
close similarity with colonial protozoans 
like Proterospongia , unequivocally speaks 
about the protozoan affinity of porifera. 
The protozoan affinity is attested by the 
following evidences: (1) Absence of formed 
tissues; (2) the presence of choanocytes; 
(3) mode of secretion of skeleton within 
single cell; (4) similar nature of nutrition; 
“(5) existence of totipotency of cell-types; 
and (6) lack of cellular integration. The 
sponges exhibit close protozoan affinities 
but the attempts to include sponges under 


the Phylum Protozoa failed because of the 
development of germ layers in developing 
sponges. Solas proposed to place the 
sponges under a subkingdom, the Parazoa 
as an isolated branch of the Metazoa. 
Recent work have established that the 
sponges are metazoan of lower grade of 
organisation. But their inclusion in the 
direct line of metazoan evolution has been 
thrown into doubt because they do not 
possess the following basic organisations of 
metazoa : 

1. At morphological level. The participat- 
ing cells must remain arranged in layers 
and some amount of division of labour 
should be there. Certain amount of orga- 
nisations like connective tissues, nervous 
tissues, are expected to be present even at 
the simplest form. 

2. At physiological level. In a true meta- 
zoa, each function should be carried by a 
group of cells. The outer layer of cells is 
primarily responsible for protection and 
inner layer of cells carries on the nutritive 
functions. There must be distinct differ- 
entiation of somatic and germinal parts of 
the body. 

3. At embryological level. A true metazoa 
will develop from a unicellular zygote and 
will pass through stages like blastula and 
gastrula. It is in the gastrula stage three 
primary germinal layers are differentiated 
and the blue print of future organisation 
is laid. Once differentiated, the germinal 
layers are irreversible in nature. 

Unlike other metazoans reversal of germ 
layer takes place in sponges. 

On the contrary, there are certain fea- 
tures in sponges which may be considered 
as unique to them These features are : 

1 . Within the sponge body each cell is 
an autonomous unit, i.e. each cell is inde- 
pendent and self-centered. 

2. The osculum in sponge apparently 
: csembles the mouth of coelenteratcs, but 
development ally the osculum does not 
correspond with it. 

3. The spongocoel corresponds to the 
coelenteron of the coelenterates but pores 
and network of choanocyte-lined canals 
are not seen in any metazoan group. 

4. The mesoglca is poorly defined and 
contractility is restricted only to the region 
of the osculum. 
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5. The ability of amoeboid cells to 
become another cell-type — speaks that in 
the group of sponges determination is not 
rigid like other metazoans. 

For this reason, the sponges were consi- 
dered by L. H. Hyman as a blind lane 
from the high way of metazoan evolution 
and thus a new term “Parazoa” was coined 
to include them in a separate subdivision 
under the subkingdom Metazoa. 

Such inclusion has recently been chal- 
lenged by O. Tuzet (“The lower Meta- 
zoa” E. Dougherty, Univ. of Calif., 129- 
148, 1963), who after studying sponges for 
many years has again claimed that pori- 
fera has given rise to the true metazoans. 
This idea takes following facts into consi- 
deration: 

l. Choanocyte cells are seen in some 
echinoderms, therefore, are not the only 
characteristic of sponges. The flagellate 

Arthropod* Chordata 





5. The constituent cells exhibit less 
differentiation but are involved in several 
complicated organisations, i.e. formation 
of gemmules. 

6. The unrestricted power of regenera- 
tion speaks about the primitiveness of 
sponges. The comparative study of regene- 
ration has revealed that the power of re- 
generation decreases with the progress 
from lower to higher groups of animals. 
In most of the cases certain ‘embryonic* 
cells resembling the amoeboid cells of 
sponge play important role during rege- 
neration. 

Thus sponges are again proposed to be 
shifted in the high way of metazoan evolu- 
tion and have been placed in between pro- 
tozoa and cnidarians as phylum Porifera 
(Fig. 10.11). The fact that the sponges 
evolved from the Protozoa and occupy a 
position between the Protozoa and Cnida- 



Porifera 


Protozoa 

B 


Fig. 10.11. Phylogenetic position of sponges. A. Hyman’s view. B. Tuzet’s view. 


cells in the inner lining of the cnidarians 
also bring a close resemblance . 

2. The processes in gametogenesis, i.e, 
production of sperm and ovum, are iame 
as in other metazoans. 

3. The metazoan affinity obtained grea- 
ter support from the study of spongin 
which has chemical and physical resem- 
blances with the collagen. 

4. The development of sponges like Osca - 
tella shows similar processes as in metazoa. 
The cleavage of zygote results into a 
blastula stage (coeloblastula) which by 
invagination becomes gastrula. 


rians is evidenced by the follownig argu- 
ments : 

(1) The choanocytes are diagnostic to 
the anatomy of sponges. Identical cells, 
as already stated, are present in many 
protozoans, echinoderms, ahnelids and 
molluscs. 

(2) The peculiar event in fertilisation 
that two synergids direct the sperm to- 
wards the egg is found to occur in chaetog- 
natha. 

(3) The tetra-radial symmetry exhibited 
by the larvae of palcareous sponges is 
comparable with that of the larvae of 
polychaetes, sipunculids and gastropods. 
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(4) Existence of wide regenerative 



Fig. 10.12. Events of aggregation of dissociated 
cells of sponge. Note that individual cells unite to 
form small aggregates, small aggregates continue 
to fuse both with other similar aggregates and 
individual cells (after Ganguly). 


power in sponges and in many lower 
metazoans. 



after 8 days 


Fig. 10.13. Cellular changes within an aggregate 
during regeneration (sectional view)— after Gan- 
guly. 
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(5) The developmental dynamics of 
calcareous sponges show close parallelism 
with that of Volvox. This point strengthens 
the idea that the colonial flagellate proto- 
zoans hold the key to the evolution of the 
sponges. 

REGENERATION IN SPONGES 

Sponges can regenerate their lost parts 
very rapidly. H. V. Wilson (1907) for the 
first time demonstrated that a bit of sponge 
when squeezed through a silken mesh 
dissociates completely. Such dissociated 
cells, if kept under water, aggregate again 
and form the sponge body. Such property 
of sponge has later been seen by several 
workers in different marine and fresh 
water sponges. The following incidences 
happen during rcaggregation of sponges : 

1. At the dissociated stage, amoeboid 
cells (archaeocyte and amoebocyte) and 
flagellate cells (choanocytes) show move- 
ment (Fig. 10.12). 

2. The amoeboid cells (specially the 
archaeocytes) start to contact with each 
other and with other types of cells. This 
continues for 4-6 hours. At first, small 
aggregates of 4-8 cells are formed. Gradu- 
ally small aggregates meet other cells oi 
other similar aggregates and grow in size. 

3. Within the aggregate, all the cells 
lose their identity and become homoge- # 
neous. This phenomenon is called 
dedifferentiation (Fig. 10.13). 

4. Gradually the peripheral cells of 


the newly formed aggregate form pinaco- 
cytes. This is followed by the appearance 
of flagellate cells, formation of spicules 
and establishment of canals within the 
aggregate. 

5. It has been noted that excepting 
amoeboid cells, the other cell-types do not 
have the ability to be transformed into 
another type of cell. Thus from dediff- 
erentiated state, pinacocytes, choanocytes 
and scleroblasts return to their original 
form. But amoeboid cells may be trans- 
formed into any other cell-type. For this 
reason amoeboid cells are regarded as toti- 
potent cells. 

WHY STUDY SPONGES ? 

Formerly sponges were adored only for 
the commercial value of spiculeless forms. 
Sponge cultivation for yielding sponges 
from cuttings is done with success in coastal 
regions of Mediterranean, Atlantic and 
Pacific oceans. Before the coming of 
synthetic bath-sponge, these natural 
sponges had great market value. Some 
sponges are also important for decoration 
and ornamentation. 

Recent work on its regeneration and 
development have made it an excellent 
material for studying cellular behaviour 
in the problems of developmental biology. 
Such studies hold promise for exploring 
various problems, related to connective 
tissue diseases, cancer research and tissue 
transplantation. 


SUMMARY 


1. Phylum Porifcra includes animals having 
pores in the body wall. 

2. The first step towards multicellularity Is 
encountered in sponges. 

3. The most specialised structures present in 
this group are canals, flagellated chambers, spicules 
and gemmules. 

4. Definite organ in any form is absent. 

5. Internal cavity in most of the forms is lined 


with a special type of cell called choanocytes. 

6. Canal systems present in different forms 
offer an interesting study regarding evolution of 
structural complexity. 

7. Spicules present in different fottois constitute 

the basis for classification. \ 

8. Some species belonging to th£ji phylum are 

the sources for bath sponges and ar^ of economic 
importance. f 



CHAPTER 11 


Phylum Cnidaria 

If sponges are the first step towards multicellularity, then the cnidarians are 
definitely one more step advanced in having tissue grade of structural organisation. 
The variety of forms which are included under this phylum are distributed throughout 
the world. All the members possess certain features which are absolutely unique to 
this group. It was a common older practice to include the members of the phyla 
Cnidaria and Ctenophora under a common phylum Coelenterata. The phylum 
Coelenterata owes its name from the Coelenteron , an internal cavity lined by endoderm. 
But the recent researches on this line have rendered considerable support to the 
contention of separating the two groups as discrete phyletic entities. The phylum 
Cnidaria has an ideal diploblastic condition (Fig. 11.1) while the phylum Ctenophora 
shows triploblastic condition. 



Fig. 1 1 . 1 . All cnidarians have two layers of cells. 


IMPORTANT FEATURES 

1. The cnidarians exist in two forms 
— Polyp (representing asexual phase) and 
Medusa (representing sexual phase). 
The body of polyp is tubular and it 
usually remains fixed at one end called the 
aboral end. The free end of polyp possesses 
a conical elevation called hypostome or 
manubrium , at the centre of which lies the 
opening called mouth . The mouth is 
surrounded by a circlet of tentacles . The 
free-swimming medusa possesses dorsal 
convex exumbreilar surface and a ventral 
concave subumbrellar surface. From the 
centre of the ventral side a tube extends 
like the stick of an umbrella, called the 
hypostome or manubrium. Tentacles are 


present around the manubrium and also 
along the margin of the medusa. (Fig. 
11 . 2 ). 

2. All the members are aquatic and 
most of them arc marine. 

3. The body is composed of two cellu- 
lar layers and hence they are called diplo* 
blastic animals. 

4. Highly specialised intracellular struc- 
tures called the nematocysts are present. 

5. They usually exhibit radial symme- 
try in adult stage. ' 

6. Presence of a single internal coelen - 
teron which represents the general body- 
cavity and the enteric cavity. 

1T1 
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Fig. 11.2. Primary body forms of cnidarians: polyp (A) and medusa (B) in diagrammatic longitudinal 
sections. Polyp is drawn in inverted state. 

7. Presence of only one permanent 
aperture — the mouth which also functions 
as anus. 

8. Both intracellular and extracellular 
types of digestion are present. 

OUTLINE CLASSIFICATION 

The Phylum Cnidaria is divided into 
three classes: Hydro zoa , Scyphozoa and 
Anthozoa. The division of this phylum into 
three classes is universally accepted. The 
Scyphozoa is included by some authors 
under Hydrozoa, but considering theU 
affinity with Anthozoa it is preferred by 
many to keep it separate from Hydrozoa. 

Example of the Phylum Cnidaria— 

HYDRA 

HABIT AND HABITAT. One of the 

smallest solitary polyps amongst the cnida- 
rians is represented by Hydra. Almost 
all the hydras inhabit clear, transparent 
fresh water ponds and lakes excepting 
Protohydra which is marine. Hydra owes 


its name from Greek mythology where the 
sea-serpent named Hydra had the in- 
herent potentiality to regenerate its head, 
if extirpated. 

Several species of hydra are recorded. 
The common Indian species is the Hydra 
vulgaris (formerly known as Hydra grisea) 
and the Pelmatohydra oligactis (formerly 
called as Hydra fused). The phase orientalis 
of Hydra vulgaris is the commonest variety 
present in the neighbouring ponds of 
Calcutta. Pelmatohydra oligactis has a com- 
paratively slender body and the length 
of the tentacles exceeds three to fojbr times 
the length of the body column. Another 
form of hydra which needs mentioning here 
is Chlorohydra viridissima (formerly kjhown a$^ 
Hydra viridis ). This species harbours sym- 
biotic algae Z oochlorella in the endbdermal 
cells which render the colour of the body 
green. Certain parasites are recorded in 
hydra, namely Hydramoeba hydroxena and 
few ciliates, Kerona pediculus and Trichodina 
pediculus. Ali the forms of hydra are built 
on same basic pattern and the following 
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description will give an idea on the bio- 
logy of hydra in general. Hydra exists 
only in polyp form (monomorphic) and 
the phenomenon of metagenesis or alter- 
nation of generation is totally absent. 

STRUCTURE. Hydra has a slender tubu- 
lar body and exhibits distinct radial sym- 
metry (Fig. 11.3). The body is extremely 



Fig. 11.3. Hydra vulgaris . External features, 
(courtesy: Dr. R. Palit). 

contractile and the length varies from 10 to 
30 mm. The lower end of the tubular body 
is closed and this side is designated as the 
aboral or proximal end. This end of the 
body is named as the ‘foot* or basal disc 
which is used as a structure for attachment 
to the substratum and it aids in locomotion 
as well. The opposite end (the oral or 
distal end) is free and possesses the opening 
of the mouth, situated at the summit of a 


conical elevation called the hypostome or 
manubrium . The base of the hypostonie is 
surrounded by a number of tentacles. The 
usual number of tentacles is six but it 
may vary from four to eleven in some cases. 
Tentacles are totally absent in Protohydra. 

The mouth leads into the coelenteron 
which occupies the interior of the body 
and is also continuous with the slender 
cavities of the tentacles. In most cases, 
the fairly grown individuals bear buds 
located at the specific budding zone of 
the body, i.e. the region of the body 
column just below the middle of the body. 
During breeding season the mature indivi- 
duals possess many male gonads or testes 
and usually one female gonad or ovary. 

STRUCTURE AND FUNCTION OF THE 

DIFFERENT CELLULAR UNITS 

L'he body of Hydra is composed of two 
cellular lavers with a thin non-cellular 
mtsoglea (Fig. 11.4) iri between. The 



Fig, 11.4. A Hydra in longitudinal section (diagra- 
mmatic). B. A portion of the body wall is enlarged, 
(after Tardent). 

outer layer is known as the ectoderm 
and the inner layer is known as the endo - 
derm. In addition to the power of 
contractility commomto both the layers, 
the ectoderm is mainly protective and 
the endoderm is primarily nutritive in 
function. Both the layers are constituted 
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of several cell-types, destined to per- 
form diverse physiological functions 
(Fig. 11.5). In Hydra cellular differen- 
tiation is associated with the physiological 



Fig. 11.5. A Transverse section of Hydra vulgaris . 
(after Mookerjee and Dutta). B. Arrangement of 
cells in the body wall, (after Mookerjee and Sanyal). 
C. Cell-types, (after Mookerjee and Sanyal). 


division of labour. Each kind of cell per- 
forms definite and specific functions in 
co-operation with each other for the 
individual as a whole. 


I. Ectodermal cell-types. The ecto- 
derm is composed of epitheliomuscular 
cells, interstitial cells, cnidoblasts, sensory 
cells, nerve cells and basal disc cells. 

A. Epitheliomuscular cells. These cellular 
units constitute the main bulk of the 
ectoderm and are comparatively larger 
in size. The compound name of this type 
is due to its dual functioning capacities, 
protection and the power of contrac- 
tion. The cells are roughly conical in shape 
having their broad ends directed outwards. 
These ends fuse and give rise to a con- 
tinuous cuticle along the entire length of 
the body. The narrower ends are directed 
to the mcsoglcal side and are produced 
into contractile processes which are orien- 
ted along the length of the animal to act 
as longitudinal muscles. The contrac- 
tion of these processes shortens the body 
column and tentacles. This cell-type has 
a prominent nucleus and several small 
vacuoles. 


B. Interstitial cells. In the intercellular 
spaces between the narrower ends of the 
epitheliomuscular cells there are small 
cells called the interstitial or Subepithelial 
cells. These are comparatively small in 
size and oval in shape. These cells usually 
occur in clusters. Each cell has a prominent 
nucleus with one or more distinct nucleoli 
and the cytoplasm is very inconspicuous. 
Interstitial cells can give rise to other 
cell-types, such as the cnidoblasts and 
sex-cells. For this reason these cells are 
known as perennially undifferentiated 
embryonic cells. 


C. Cnidoblasts. This type of cellular unit 
constitutes a very important component 
of the ectoderm. The cell contains a sac- 
like nematocyst and a layer off specially 
contractile cytoplasm with distinct nucle- 
us. From the outer end of tl|e cnidoblast 
piojects a trigger-like pointed process 
called the cnidodl. When touched, it con- 
veys the sensation to the innenpart of the 
cell. Each nematocyst is a } fluid-filled 
rounded capsule, the narrow ehd of which 
is drawn into a long, coiled, thread-like 
tube. It remains immersed within the 
cavity of the nematocyst (Fig. 11.6). It 
can be everted to aid in capturing the 
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prey or in locomotion. Cnidoblasts may 
occur singly in the body column, but in the 
tentacles several smaller ones are grouped 
around a central one (penetrant type) to 
form small surface tubercle or ‘battery 5 . 
Cnidoblasts have a characteristic regional 
distribution. They are quite numerous in 
the tentacles and anterior region of the 



Fig. 11.6. Gnidoblast of Hydra . (after Parker and 
Haswell). A. Undischarged. B. Discharged. 


body but gradually slide down towards 
the aboral side and are totally absent in the 
basal disc. 

Usually four types of nematocysts are 
encountered in Hydra (Fig. 11.7). They 
are as follows : 

Penetrant type or Stenotele: This type 
has a large spherical cell-body of about 
16 micra in diameter. It has a long 
thread-like tube which remains coiled in 
transverse plane. The base of the thread 
contains three long barbs and bears rows 


of small thorns or nettles . When the 
cniodcil is stimulated the thread tube shoots 
out. It pierces the body of the prey and 
injects a fluid containing a toxic protein 
called hypnotoxin to paralyse the victim. 



Fig. 11.7. Nematocyst types of Hydra, (after Buchs- 
baum). 

A, A' — Penetrant; B, B' — Volvent; C, G' — Gluti- 
nant streptoline; D, D' — Glutinant stereoline. 

A, B, G, D Undischarged, A', B', C\ D' Discharged. 

Volvent type or Desmoneme: They are 
pear-shaped forms having an average 
length of about 9 micra. Each nematocyst 
of this kind contains a thick short thread, 
which usually forms a single loop. After 
discharge the thread coils round any part 
of the prey. 

Glutinant Streptoline ' type or Holotrichous 
isorhiza: They are oval in shape and are 
about 9 micra in length. Each nematocyst 
possesses a long thread with three or four 



BIOLOGY OF ANIMALS 


176 

transverse coils and bears small nettles. 
The thread may coil after discharge. 

Glutinant Stereoline type or Atrichous 
isorhiza : These types of nematocysts are 
comparatively smaller in size and are 
about 7 micra in length. Upon discharge 
the thread remains straight. The thread is 
unarmed. 

The penetrant and volvent types of nema- 
tocysts help in capturing the prey and the 
streptoline and stereoline glutinant types, in 
addition to the capture of food, help in 
locomotion by producing sticky secretion. 

Discharge of nematocysts. Cnidoblasts 
possess an independent effector. Any sti- 
mulus affecting the cnidocil directly causes 
the discharge of the thread. Opinions 
differ as regards the actual mechanism of 
discharge. Mechanical stimuli are not 
always found to be effective. Substances 
extracted from the crustacean larvae on 
which Hydra feeds provoke discharge of 
nematocysts. Acetic acid is seen to cause 
discharge of the nematocysts. The dis- 
charge of thread is caused by the increased 
osmotic pressure of the fluid within the 
nematocyst capsule. 

Nematocysts once shot out are not in- 
corporated in the body system. New 
cnidoblasts develop out of interstitial cells. 
Usually one cnidoblast develops from one 
interstitial cell, but often two or more may 
arise. 

D. Basal disc cells. In the basal disc 
region the epitheliomuscular cells are 
modified into tall cells. These cells have 
deeply stained granules in the cytoplasm 
and have faint stria tions. These cells 
produce a sticky .secretion which helps the 
animal to adhere to the substratum under 
water. Sometimes these cells also produce 
gas bubble which helps the animal to 
float in water. 

E. Sensory cells. Scattered in the ecto- 
derm there are numerous slender sensory 
cells. Several types of sensory cells are 
seen in Hydra. Sensory cells have delicate 
tips with sensory hairs. Sensory cells are 
quite abundant in the basal disc region, 
hypostome and tentacles. The bases of 
these sensory cells are connected to the 
nerve cells. 

F. Nerve cells. Existence of nerve cells in 
the ectoderm of Hydra is a highly contro- 
versial issue. By special histochemical 
techniques, some workers on this line, have 


demonstrated the presence of spider-like 
cell-bodies, designated as the nerve cells. 
Delicate processes originating from the 
cell-bodies form a network in the ectoderm 
adjacent to the mesoglea. These processes 
are connected to the sensory cells, to the 
similar processes of other nerve cells and 
lastly, to the contractile fibrils of the 
epitheliomuscular cells. Such combina- 
tion of nerve connection produces a sort 
of simplest sensory- neuromotor mechanism 
in animals. This system co-ordinates the 
movement of the body and tentacles. 

II. Endodermal cell-types. The 

endoderm of Hydra is primarily made up 
of nutritivemuscular cells and gland cells. 
Interstitial cells and cnidoblasts occur very 
rarely in the endoderm. Sensory cells 
and nerve cells are also present in the 
endodermal layer as in the ectoderm. 

A. Nutritivemiwcular cells. The nutritive- 
muscular cells constitute the main bulk of 
the endoderm. They are tall columnar 
cells encircling the coelenteron. In the 
hypostome region, the cytoplasm of the 
nutritivemuscular cells is granular and 
homogeneous. But in the tentacles and 
in the basal disc regions these cells 
are highly vacuolated with little cyto- 
plasmic content. In the rest of the 
stem body these cells are highly deve- 
loped. The nucleus is usually located 
towards the mesogleal side and contains 
one or two nucleoli. Cytoplasm is 
less vacuolated. Deeply stained spherical 
bodies are abundantly found in these cells. 
The mesogleal ends of the nutritivemuscu- 
lar cells are produced into contractile 
processes oriented transversely to encircle 
the body. These processes act as circular 
muscles. When contracted, the diameter 
of the body is reduced and consequently 
the length of the body is extended. Nutri- 
tivemuscular cells are of two types — 
amoeboid and flagellated . The broader 
end of amoeboid cells projecting in the 
coelenteron produces pseudop6dia to engulf 
the particles of food. The cells with whip- 
like flagella cut the particles of the food 
into pieces. Recent observations have 
however, failed to record the presence 
of such flagellated cells. As stated earlier 
symbiotic Zoochlorella and some parasitic 
amoebae and coccidia are recorded amidst 
the endodermal cells, particularly the 
nutritivemuscular cells of some species of 
Hydra. 
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B. Gland cell*. Gland cells are present all 
through the endoderm of Hydra excepting 
the tentacles. They are plenty in the oral 
region but their number gradually reduces 
towards the aboral region. They are 
usually located in between the nutritive- 
muscular cells. Two types of gland cells 
are encountered in the endoderm. The 
first category of the gland cells is 
smaller in size. The shape is oval. 
The end facing the coclentcron is 
broader and the other end is gradually 
narrowed to a thread-like projection 
touching the mesoglea. The cytoplasm is 
intensively basophilic and vacuolated. 
Nucleus is distinci and is situated at the 
narrow end of the cell. The second 
category of the gland cells exhibits less 
basophilic cytoplasm. Vacuoles of different 
sizes are dispersed within the cell body. 
Nuclei are not distinctly visible. 

The above mentioned types of the gland 
cells also have characteristic regional 
distribution. The former category of the 
gland cells is quite abundant in the oral 
part of the body, while the other category 


has outnumbered them in the aboral 
region. 

It has been observed that the distribu- 
tion of various cell-types varies along the 
entire length of the body. The difference 
in cell-population at different zones of the 
body column indicates the presence of 
functional diversity in the different regions 
of the body (Fig. 11.8). 

Cell flow in Hydra, ft has been 
observed that Hydra loses its old cells 
through the basal disc and tip of the ten- 
tacle. New cells are believed to be formed 
in a region immediately beneath the 
hypostome. This subhypostomal region is 
called the ‘ growth zone ’ of Hydra. The 
cells produced in this region migrate in two 
directions — one towards the tentacles and 
the other towards the basal disc. This 
phenomenon of two-directional cell-flow 
in the body of Hydra can be experimen- 
tally shown. Mookcrjee (1962) has shown 
that a middle piece of Hydra, when 
grafted in the subhypostomal region indu- 
ces a basal disc. Similar result has also been 
obtained by Sinha (1967) by implanting 
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Fig. 1 1.8. Relative distribution of principal cell-types along the antero-postcrior axis of Hydra , 
(after Mookcrjee. Sanyal, Sinha). 

12 Jvou. i *76] 
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middle piece material at the base of These experiments demonstrate the exis- 
any one of the tentacles. When the host tence of two directional cell flow from the 
Hydra is cultured, the induced basal disc subhypostomal region of Hydra. By this 
at the subhypostomal region gradually cell flow Hydra not only replaces the old 
descends down and merges with the ori- cniodoblasts but also renews the entire cell 
ginal host basal disc. While the induced column. The body of Hydra thus shows 
basal disc at the base of the tentacle a dynamic state and such phenomenon 
ascends up to the tip of the tentacle and is of cell replacement has enabled this 
discharged through the tentacular tip. animal to be ‘ immortal \ 



Fig. 1 J.9. Locomotion in Hydra . Arrows indicate the direction of body movement. 
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LOCOMOTION. Hydra normally remains 
attached to the substratum by basal disc 
and stands erect. For capturing the prey 
and to change the location, Hydra exhibits 
several types of movement (Fig. 11.9). 

Looping. While standing erect the animal 
bends its body and fixes the tentacles to 
the substratum by the glutinant nemato- 
cysts. It then releases the attachment of 
the basal disc and moves its free end to a 
new site. The animal now stands up by 
disengaging its tentacles. 

Somersaulting. In this type of movement, 
Hydra fixes itself on the substratum by 
the hypostomal end and shifts the attach- 
ment of basal disc. The basal disc is then 
rotated 180° and is fixed at a new point. 
The bypostome is again raised. 

Other types of movements. Hydra often 
uses its tentacles as legs and moves in an in- 
verted way. Occasionally, Hydra may glide 
along the substratum by the pscudopodial 
action of the basal disc colls. Sometimes, 
Hydra can proo uce a bubble of gas, secret- 
ed by the basal disc cells which helps the 
animal to float on the surface of the water 
and is passively carried from one place 
to another by water current or wind flow. 
Hydra can climb bv attaching its tentacles 
to some distant object and then releasing 
the basal disc and by contracting the 
tentacles, the body is drawn up to a new 
position. 

NUTRITION. Nutrition in Hydra is 
holozoic. The entire process may be 
divided into ingestion , digestion arid egestion . 

The food of Hydra comprises mainly 
of minute crustaceans and their larvae. 
Instances of taking insect larvae and 
Tubifex are also common. When Hydra 
is hungry, it exhibits a special kind 
of movement in search of food. It extends 
its bady to its fullest extent and the 
tentacles arc fully stretched in search of 
food. Whenever wandering forms like 
Daphnia or Artemia larvae come in contact 
with the tentacles, nematocysts are dis- 
charged at once. It has been demonstrat- 
ed that feeding reaction may be induced 
by the application of glutathione. The 
penetrant type of nematocysts penetrates 
the body of the prey to inject the hypno- 
toxin to cause paralysis and the volvent 
types wrap the body of the prey. After 
causing paralysis, the tentacles bend in- 
ward and carry the food towards the 
mouth. The mouth then opens and by 


muscular contraction it pushes the food into 
the coclenteron. It is said that the food is 
then cut into bits by the beating of flagella 
of the flagellated type of the nutritive- 
muscular cells. 

The gland cells of the endoderm become 
activated and produce digestive juices 
containing only proteolytic enzymes. The 
proteins are broken down into amino- 
acids which are absorbed by endodermal 
cells and are then distributed among the 
body cells. This particular type of diges- 
tion is called extracellular egestion. The 
small bits of food matters that escape 
digestion are engulfed by the pseudopodia 
of the amoeboid nutritivemuscular cells. 
In these amoeboid cells the food particles 
arc taken within food vacuoles where 
the food matters are digested. This type 
of amoeba-like digestion is called the 
intracellular digestion. In the food vacuole, 
carbohydrate-splitting, fat-splitting as 
well as protein-splitting enzymes are pro- 
duced. Thus in Hydra a combination of 
both higher (extracellular) and lower 
(intracellular) types of digestion occur. 
Indigestible residues are passed out to the 
exterior through mouth which also acts 
as an anus. 

RESPIRATION AND EXCRETION. Hydra 

utilises the oxygen dissolved in water for 
respiration. Oxygen is diffused from the 
surrounding water directly into the diff- 
erent cells. The carbon dioxide goes out 
mainly from the ectoderm by diffusion. 
The nitrogenous waste products are also 
removed from the body surface through 
diffusion. 

REPRODUCTION. Hydra reproduces 
ascxually as well as sexually. 

Asexual reproduction. The asexual 
reproduction includes Budding and Fission. 
Budding is most common and regarded as 
the normal way of propagation which 
occurs throughout the season in well-fed 
mature individuals. A bud appears as a 
conical protuberance of the body wall 
horn the budding zone. This projection 
contains ectoderm, mesoglea, endoderm 
and the continuation of the coelenteron of 
mother Hydra. Gradually, this projection 
elongates and attains a considerable 
length. Rudiments of * tentacles appear 
at the free end of the bud. The hypostome 
is conical and bears the opening of the 
mouth at the centre. After this a constric- 
tion appears at the region of junction of 
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tbs developing bud with the mother’s 
body. Gradually, the constriction becomes 
deeper. By this time basal disc in the bud 
is formed. Finally, the bud detaches itself 
from the body of the mother and leads an 
independent life (Fig. 11.10). 


phase of wound healing and after wound 
healing, the second phase, i.e., the differen- 
tiation of the lost structure takes place. 
The histodifferentiation of the hypostome 
starts with the formation of a new layer of 
ectoderm over the cut surface from the 



Several buds may occur in a single 
mother Hydra at a time, although the- 
usual number is one. When several buds 
are present the older one is located to- 
wards the proximal side while the fresh 
ones are on the distal side. 

Both longitudinal and transverse fissions 
are seen in Hydra. But these fissions gene- 
rally follow accidental breakdown and are 
not routine modes of reproduction. In this 
type of reproduction, the rest of the parts 
is grown by a process called regeneration. 

Events of regeneration. Hydra is 
capable of replacing any of its lost 
structures within a short time. This 
power of regeneration is due to highly 
plastic nature of its cellular organisation. 
When the hypostome or the basal disc is 
amputated, the lost strcutures are re- 
formed by the existing mass of cells within 
48 hours (Fig. 11.11). The whole pheno- 
menon of restitution may be divided into 
two phases. At first, the closure of the 
wound occurs which involves extension of 
the endoderm cells, migration and secretion 
of gland cells, formation of a slime plug 
from the secreted material and ultimately 
coalescence of the endoderm cells at the 
centre of the wound. This completes the 


endodermal cells, plastering the open end. 
Finally, during the reorganisation of the 
hypostome, the gland cells gradually 
lose their granules and take up a non- 
granular amorphous nature. The gland 
cells and other endodermal cells at the 
future hypostome site change their shape to 
crescentic forms. Formation of tentacles is 
initiatedby the extension of the coelenteron 
at specific sites. When the tentacle grows 
a good number of cells are seen coming 
out from the junction of tentacle and the 
hypostome. The gland cells never enter 
the tentacle and other endodermal cells 
undergo vacuolation while entering the 
tentacular lumen. During tentacle forma- 
tion a large scale differentiation of nema- 
tocysts takes place. ; 

The wound healing phase in the resti- 
tution of basal disc is similar to what 
happens in the case of hypqstome regene- 
ration. After the formation bf a new layer 
of ectoderm from endodefm, the dela- 
minated cells become flattened sidewise and 
assume appreciable tallness. These newly 
formed columnar cells further take up 
fibrous nature and spread over the pre- 
sumptive basal disc area. Almost all of 
the gland cells including some other 
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Fig. 11.11. Events during the hypostome and basal disc regeneration of Hydra. Note that both 
in the regeneration of basal disc and hypostome, cellular activities are same up to wound healing 
stage C. Then the incidents differ at the two sites (D, E). (after Mookerjee and Bhattacharjee, 
courtsey: Dr. S. Bhattacharjee). 




182 


BIOLOGY OF ANIMALS 


cndoderm cells which once migrated to the 
amputated site are now thrown out and 
are found in free state inside the coelen- 
teron. The cellular events during hypo- 
stomal and basal disc regeneration are 
shown in Figure 11.11. 

Sexual reproduction. Propagation by 
sexual process is very rare in Hydra. Sexual 
reproduction does not occur throughout 
the year, but happens occasionally. Most 


Fig. 11.12. Sexual forms of Hydra . A. Male. 

B. Female, (courtesy : Dr. A. Chakra borty). 

species of Hydra are dioecious while mono- 
ecious species are also common. Pheno- 
menon of sex reversal is also seen in Hydra. 
Hydra once producing male gonads in one 
part of the year is seen to produce female 
gonads in another period of the year. 
Gonads are temporary structures and occur 
in distinct localised zones of the body 
column. The female gonad (ovary) pro- 
duces eggs and the male gonad (testis) 
produces spermatozoa (Fig. 11,12). Both 
the gonads develop by the modification 
of the interstitial cells. 

Male gonads or t«ste*. Several testes usually 
occur at the upper half of the body. Each 
testis is a conical swelling of the ectoderm. 


It has a heap of rapidly multiplying inter- 
stitial cells covered by a protective layer 
of epitheliomuscular cells. These rapidly 
multiplying interstitial cells are called the 
spermatogonia . Each spermatogonium divi- 
des repeatedly to produce a large number 
of spermatocytes which migrate outwards 
and become round. Each cell now un- 
dergoes two maturation divisions to form 
four nuclei in an undivided mass of cyto- 
plasm. These are called as the spermatids 
which are transformed into spermatozoa. 
Each spermatozoon has a conical head, 
short neck and a long wavy tail. When the 
testis matures the covering capsule rup- 
tures and the spermatozoa are liberated 
in water where they remain viable for a 
day or two. 

Female gonad or ovary. The development 
of ovary resembles the formation of testis 
at the earlier stages. Of the rapidly multi- 
plying interstitial cells, one becomes 
amoeboid. This is the oocyte which in- 
creases in size at the expense of the others 
which provide nutrition for the developing 
oocyte. The cytoplasm of the oocyte is 
heavily loaded with dark yolk granules. 
The oocyte then enters into two matura- 
tion divisions to form three small non- 
functional polar bodies and one mature 
ovum or egg. 

When the egg becomes mature the cap- 
sular wall of the ovary ruptures to form a 
small opening in the ectoderm for the 
entry of the sperm and thus the egg is 
exposed. The ovum secretes a gelatinous 
substance by which a number of sperms 
are attracted to it and only one sperm fer- 
tilizes the ovum. 

LIFE-HISTORY. The egg after fertilization 
begins to divide. The cleavage is total and 
equal blastomeres are formed. The blasto- 
meres then arrange themselves to form a 
cellular ball called the blaspula. The wall 
of the blastula is composed of a single 
layer of cells and the enclosed cavity is 
called the blastocoel . New ceils are formed 
and cut off from the innejar end of the 
existing cells and migrate into the blasto- 
coel to form the inner layer. This stage is 
called the gastrula. The outer layer is 
destined to form the ectoderm and the 
inner solid layer is converted into the 
endoderm. The endoderm is solid at first 
which hollows out subsequently to form 
the coelenteron. A jelly-like mesoglea is 
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formed in between the two cellular 
layers. The embryo now secretes a horny 
capsule or cyst with spinous outer surface. 
The embryo then drops away from the 
mother’s body and sinks to the bottom of 
the pond. After some time (the period 
varies from about 10 to 70 days) the 
capsule softens and a young Hydra with 
small tentacles hatches out. This young 
Hydra now settles down and begins to 
feed and grow (Fig. 11.13). 



Fig.T1.13. Developmental stages of Hydra. A to F. 
Sectional view. G. External view. 

A. Fertilized ovum. B. 2 -celled stage. G. Blast ula 
stage. D. Beginning ofgastrulation. E. Lategastrula. 
F. Fully formed young. G. Hatching. 

Thus, the development of Hydra is direct 
and a larval form which is the characteris- 
tic of other cnidarians is absent. 


Example of the Phylum Cnidaria — 

OBELIA 

HABIT AND HABITAT. Obelia is a typical 
representative of colonial hydrozoa (Fig. 
11.14). It is exclusively marine. It exists 
in two principal forms, the polyp and the 
medusa. The polyp or hydroid form 
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represents the asexual phase of its life- 
history and the medusoid form represents 
the sexual phase. There is an alternation of 
these two phases or generations in its life- 
cycle. Thus it shows a typical instance of 
Metagenesis. 

I« Hydroid or Polyp phase 

Hydroid stage of Obelia is a colonial 
form. It is a branched filament-like struc- 
ture and remains attached with the sub- 
stratum. The colony is polymorphic, i.e., 
a number of individuals or zooids are 
present which are morphologically as well 
as functionally different from each other. 

A. Hydrorhiza and Hydrocaulua. Obeli a 
colony is constituted of two portions 
— the horizontal portion is called the 
Hydrorhiza and the vertical portion bear- 
ing the zooids is named as the Hydrocaulus . 
Hydrorhiza is a branched structure and 
gives only mechanical anchorage to the 
whole colony. From the hydrorhiza arises 
the vertical hydrocaulus having short late- 
ral alternate branches bearing zooid at the 
terminal ends. Two types of zooids are seen 
— Gastrozooids having nutritive function 
and Blastoslyles for reproduction. In addi- 
tion to the fully-formed gastrozooids and 
blastostyles, the lateral branches bear short 
club-like structures which are either pri- 
mordial or developing gastrozooids or 
blastostyles. Both the hydrorhiza and the 
hydrocaulus are hollow tubes called the' 
coenosarc, covered externally with perisarc . 
Goenosarc is made up of two cellular layers, 
the outer one is designated as ectoderm and 
the inner layer is called endoderm. In 
between these two cellular layers there is 
a thin non-cellular mesoglea or mesolamella. 
Coenosarc contains a tubular cavity 
known as coelenteron which is continuous 
throughout the colony and is filled with a 
fluid. Histological picture of the cellular 
layers resembles more or less to that of 
Hydra. Obelia possesses one kind of nema- 
tocyst called the basitrichous isorhizas . 
The capsule is oval, the thread tube is open 
at the tip with spines at the base only. 
The tentacles of Obelia are solid and con- 
tain a core of endoderm cells. The perisarc 
or periderm is a cuticle-like transparent 
non-cellular layer secreted by the ectoderm 
of coenosarc. Perisarc is separated from the 
coenosarc and at places it shows attach- 
ment with the coenosarc and thus showing 
some constrictions which are known as 
annuli of perisarc or periderm. 


B. Gmstrozooid or Trophozooid or Nutri- 
tive Zooid. Most of the zooids pre- 
sent in the hydroid stage of Obelia are 
the gastrozooids (Fig. 11.15A). They are 
specially designated to perform nutritive 
function and feed the whole colony. Each 
gastrozooid has a short tube- like body 
having at its distal end a conical projec- 
tion called hypostome or manubrium. 
The mouth is situated at the terminal end 
of the manubrium. Surrounding the 
manubrium there is a circlet of about 
twenty four solid tentacles. This zooid is 
enveloped by a base-like investment called 
hydrotheca . Hydrotheca is formed by the 
modification of the perisarc and is perfect- 
ly transparent. It is provided with a cir- 
cular shelf at its proximal end upon which 
the whole zooid rests. The circular shelf 
has a central apeiture through which the 
tubular body of the zooid remains conti- 
nuous with the rest of the colony. 

C. Blastostyle or Gonozooid or Repro- 
ductive Zooid. These particular 
types of the zooids are few in number in 
comparison to the number of gastrozooids. 
Each blastostyle has a long cylindrical 
body without mouth and tentacles (Fig. 
11.15B). The coelenteron is greatly 
reduced. It is enclosed by a transparent 
covering called gonotheca , modified 
form of perisarc. The lateral wall of the 
body gives off small lateral buds called 
the medusa-buds. They exhibit great 
structural variations depending upon the 
developmental sequences. When the 
medusa-buds become mature the gono- 
theca ruptures and thus allows the medusa- 
buds to escape. 

II. Medusoid phase 

Medusa develops as hollow offshoot of 
the blastostyle. When fully-formed, it 
assumes the appearance of an umbrella 
with a convex surface by which the medusa 
was attached with the blastostyle (Fig. 
11.15C). This convex side i$ called the 
exumbrella and the concave 'side of the 
umbrella is known as the subumbrella . From 
the centre of the subumbr^llar surface 
emerges a hanging tube called manu- 
brium bearing a square mouth at its ter- 
minal end (Fig. 11.15D). The edge of the 
umbrella gives rise to a very short circular 
shelf called velum . At the junction of the 
exumbrcllar side and velum there is a 
circlet of tentacles. The number of 
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Fig. 11.15. Enlarged view of certain zooids of Obelia colony, (after various sources). 
A. Gastrozooid. B. Blastostylc. G. Medusa. D. Sectional view of medusa. 


tentacles is sixteen in a newly-formed stage 
but the number may increase with age. 
At the bases of alternate tentacles there lies 
a sense organ in the form of lithocyst or 
marginal sense organ. Each lithocyst has 
a very small spherical sac-like body that 
encloses a central calcareous mass and 
sensory cells. These sense organs regulate 
and co-ordinate the movement of the 
organism. 

The mouth leads into the coelenteron 
lodged inside the manubrium. From 
the base of the coelenteron emerges four 
equidistant radial canals, which ultimately 
open into a ring canal situated at the 
margin of the body of the umbrella. 
Through these canals food matters are 
conveyed to the different parts of the body. 

The histological structure of the medusa 
is same as that in the hydroid stage. Mesog- 
lea is thick and often contains wandering 
cells and fibres. The only peculiarity is the 
velum which lacks the endoderm. The two 
’ sides are composed of ectoderm with a 
median layer of mesoglea. In the margins 
of both the exumbrella and subumbrella, 
the ectoderm contains nerve cells. In 
exumbrella, the nerve cells crowd together 
to form an outer ring and in subumbrella 
it constitutes an inner margin. 

The whole organisation of the body ol 
the medusa exhibits distinct radial sym- 
metry. The medusae arc unisexual (dioe- 
cious). Gonads are ectodermal in origin 


and remain in close association with the 
radial canals towards the subumbrellar 
surface. They are round in appearance 
and are four in number. Both the male 
and female gonads are similar externally. 

Life-history. The male gametes or 
spermatozoa, after maturation, are libera- 
ted into water and one spermatozoon 
fertilizes a female gamete or ovum and thus 
results into the formation of a zygote. The 
single-celled zygote divides repeatedly and 
the daughter cells reorganise to form stages 
like blast ula and gastrula in due course. 
Finally, a larval form — the planula larva 
is produced. 

Planula larva. The planula larva has 
an elongated and ovoid appearance. The 
outer layer of the body is composed of 
ciliated ectodermal cells and the inner 
layer is the endoderm. Mouth is absent. 
It is free -swimming and contains a cavity 
which is the primordial coelenteron. After 
a very brief free -swimming existence, the 
palnula larve settles down and fixes itself 
lo the substratum by one pole and trans- 
forms into the next stage — the hydrula 
stage. 

Hydrula stage. The fixed end of this 
form is designated as the aboral end and 
the free or oral end devefops a manubrium 
and a circlet of tentacles. Then a mouth 
is formed at the centre of the manubrium. 
The hydrula, thus formed, gives out lateral 
buds and transforms into an Obelia colony 
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and thus exhibits a typical instance of Example of the Phylum Cnidaria — 
metagenesis. AURELIA 

Metagenesis in Obelia. Amongst Cni- Glass Scyphozoa includes a variety of 
darians, Obelia shows excellent meta- species. The shape of the body in almost 
genesis. The Obelia colony represents the all the forms varies greatly. The species 
hydroid or asexual stage, which produces discussed here is known as Aurelia aurita 
medusa-buds by budding (Fig. 11.16). which is popularly known as moon jelly. 



Fig. 1 1.16. Life-history of Obelia . Note the presence of asexual and sexual phase in the 
life-history. The free-swimming medusae and planula larva assist in the dispersal. 


These medusa-buds subsequently trans- STRUCTURE. Adult Aurelia represents 
form into full-fledged medusae. The medusoid stage. It has the typical form of 

medusae represent the sexual stage and a medusa (Fig. 11.18). But the concave 

possess male or female gonads. The male and convex sides of the umbrella are more 

and the female gametes are produced in pronounced. The edge of th^ umbrella is 

the respective gonads. Mature male and provided with a number of sniall tentacles, 

female gametes unite and result into the The outline of the umbrella |s not smooth 
formation of a zygote, which in turn passes but is curved into eight equidistant notches 
through the usual developmental stages, within which sense organs jare located. 
The developmental process in Obelia is Each notch is provided with a pair of 
indirect and intervened by the presence of marginal lappets. 

larval forms, which gives rise to the Obelia Velarium* The true velum as seen in 
colony. So in the life-cycle of Obelia there Obelia medusa is absent. The edge of the 

is a distinct alternation of two generations umbrella of the Aurelia is very delicate and 

Tig. 11.17). Such a phenomenon is flexible due to subumbrellar extension 

td metagenesis . called the velarium, which is analogous to 
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Fig. 11.17. Life-cycle of Obilia. 
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Fig. 1 1.18. Figures show the lateral view (A) and sectional view (B) of Aurelia. 
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the velum of Obciia and contains endo- 
dermal cavity. 

Mouth. Mouth is distinctly four-cor- 
nered and is borne at the tip of a short 
manubrium (Fig. 11.19B). The corners of 



sub genital pit mouth 



Fig. 11.19. Various structures from the dorsal (A) 
and ventral (B) sides of Aurelia. Two oral arms have 
been excised in figure B. Figure G shows a diagram- 
matic representation of the arrangement of various 
canals in a part of Aurelia . 

the mouth are drawn out into four lobes 
called oral arms which are beset with 
batteries of nematocysts. Each oral arm 
is infringed with small lobules at its 
margin and possesses a median groove. 


Subgenital pits. On the subumbrellar 
surface, between the manubrium and the 
bell margin and along the inter-radial 
planes of the body, there are four small 
depressions called subgenital pits. 
Though they are placed immediately 
beneath the gonads, yet the subgenital 
pits have no connection with them. 

Coelenteron. Mouth leads into a 
short tube (gullet) which opens into 
a centrally located stomach. Stomach is 
produced into four inter-radial gastric 
pouches extending upto the half-way bet- 
ween the centre and the edge of the um- 
brella. Numerous small gastric tentacles 
are present on the floor of the gastric 
pouches. The gastric tentacles are compos- 
ed of end ode rm with a central core of 
mesoglea. Numerous nematocysts are also 
present in the gastric tentacles. The func- 
tion of these structures is to kill the prey 
if they are taken in the stomach alive. 
From the periphery of the stomach as well 
as from the gastric pouches, sixteen radial 
canals originate of which four are per- 
radials, four inter-radials and eight ad- 
radials (Fig. 11.19C). Both perradials and 
inter-radials are branched but the adradials 
are unbranched. All the radial canals 
ultimately open into a ring or circular 
canal situated at the margin of the body. 

Gonads. A medusa is unisexual and the 
gonads are exclusively endodermal in ori- 
gin. Gonads arc four in number, coloured 
and horse-shoe shaped bodies, situated at 
the floor of the gastric pouches. 

Sense organ. The sense organs are 
known as tentaculocysts or rhopalia , which 
are eight in number (Fig. 11.20). Each 
tentaculocyst is a modified tentacle. It is 
kept hidden by marginal lappets and by 
a hood-like process on the outer side. 
Each tentaculocyst is a hollow tube 
having connection with the ring canal. 
At the tip of this tube there Is an aggrega- 
tion of calcareous particles (statocyst) 
derived from the endodermJThe ectoderm 
on the outer side of it gives rise to an 
ocellus. Another endoddrmal ocellus 
associated with the statocyst is present. Two 
cavities are present in a tentaculocyst, one 
in the exumbrellar side and the other is 
internally placed. These cavities are 
designated as the olfactory pits and are 
lined by sensory epithelium. Tentaculu- 
cysts regulate and co-ordinate the move- 
ment of the umbrella. 
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Fig. 11.20. Sectional view of teritaculocysl 01 
rhopalium of Aurelia, (after Kaestner ). 

HISTOLOGY. Histology of the scypho- 
zoan medusa has the same organisation 
as that of hydrozoan medusa. The 
main difference lies in the structure of the 
mesoglea which contains fibres and 
loose amoeboid cells. The muscular 
system is well developed. The broad cir- 
cular muscle band on the subumbrellar 
surface is very strongly built and is known 
as coronal muscle. Coronal muscle helps 
the animal to swim. The nervous system 
has the general arrangement of the hydro- 
zoan medusa but the marginal nerve ring 
is either lacking or feebly developed. 

LIFE-HISTORY. The sexes are separate. 
The unisexual medusae do not exhibit any 
external difference in their appearance. 
The male medusa produces many sperms 
which pass out into the surrounding water 
through the mouth. The sperms swim 
in water and find their way into the 
enteron of the female to fertilize the eggs, 
produced in her ovaries. The fertiliza- 
tion is thus internal. The fertilized egg 
or zygote, through repeated divisions, 
attains a stage called morula . Morula be- 
comes spherical and fluid accumulates in 
the inner cavity. The outer wall of this 
stage ( bias tula ) is made up of one layer of 
cells (Fig. 11.21). An invagination from 
one end obliterates the cavity of the blas- 


tula and a new cavity is formed within the 
layer of cells. The new cavity opens to 
the exterior through a small opening. 
This stage is called gastrula . The gas- 
trula transforms into a hollow two-layered 
planula larva. 

The transformation of zygote into the 
Planula larva in Aurelia is peculiar. The 
zygotes emerge to lodge themselves on the 
oral arms of the female medusa. Each 
developing embryo forms deep spherical 
pit in the endoderm of gastrodermis in 
which each embryo develops into a ciliated 
Planula larva. The transformation of a 
zygote into a planula larva takes two days 
in Aurelia. 

The basic pattern of the planula larva 
is same as in Obelia except that the blasto- 
pore is not completely closed and is 
represented by a mere slit. The planula 
larva after a very brief period of free 
existence, fastens itself to the sea bottom 
by one pole and loses its cilia and meta- 
morphoses into a stage called hydratuba. 

Structure of Hydratuba and Scyphi- 
stoma. These two stages represent the 
hydroid phase of Aurelia. After fixation of 
the planula larva, a definite mouth is 
formed at the free end and it is now called 
the hydratuba stage. The mouth be- 
comes square and its edge becomes raised 
into a short manubrium. The aboral por- 
tion becomes narrowed into a distinct 
peduncle. Around the mouth four perra- 
dial, four interradial and eight adradial 
tentacles are developed. Eventually the 
hydratuba possesses sixteen tentacles. 
Endoderm forms four longitudinal 
interradial gastric ridges or taenioles. 
The ectoderm between the mouth and 
tentacles invagina tes to form four inter- 
vadial depressions known as the septal 
funnels or infundibula. The hydratuba re- 
mains unchanged for a long time, feeds 
and produces horizontal branches from 
which new hydratuba buds off. Finally, 
the hydratuba becomes segmented by 
transverse furrows. The hydratuba in this 
segmented state is known as Scyphistoma. 

Formation and structure of ephyra 
larva. The scyphistoma bears a series of 
transverse constrictions. These constric- 
tions gradually become deeper and as a 
result the body appears segmented. These 
segments are ultimately detached from the 
body column of the scyphistoma and 
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Fig. 11.21. Life-history of Aurelia. Note that fertilization is internal and the transformation of 
the zygote into the Planula larva takes place in special endodermal pit in the oral arm of female 
medusa. When the Planula larva is fully formed, it comes out of the pit and swims in water. 
For the sake of convenience the development up to planula has been shown outside the body of 
the female. The planula larva is peculiar by having a slit-like blastopore. 


develop into small saucer-shaped individ- 
uals or Ephyrae. 

Each ephyra larva is characterised by 
the possession of eight long bifid arms. 
The concavity at the tip of the arm con- 
tains the developing tentaculocyst which is 
its sense organ. The centre of the subum- 
brella contains a very short and incons- 
picuous manubrium. The corners of the 
mouth are prolonged into four long and 
frilly oral arms. The original gastric ridges 
develop into gastric filaments. The original 
coelenteron shows branching. The region 
between the arms was initially deeply 
notched but grows more rapidly and ulti- 
mately joins with the tip of the bifid arms 
to establish regular outer margin. On 
further metamorphosis, ephyra develops 
into a full-grown Aurelia. 


The process of strobilation of the hydra- 
tuba depends largely upon extrinsic fac- 
tors, particularly on food supply. Seme- 
times the whole hydratuba may transform 
into a single adult medusa and under cer- 
tain conditions ephyra may become again 
hydratuba. 

Metagenesis in Aurelia^ The pheno- 
menon of metagenesis is not sp well-marked 
in the life-history of Aureh'4 (Fig. 11.22). 
Medusoid generation covefs the major 
and prominent part in |ts life. The 
hydroid generation is only represented by 
the hydratuba and scyphistoma stages. 
The hydroid generation as such is 
quite insignificant and may be assigned 
to be an elaboration of the larval con- 
dition. 
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Fig. 1 1.22. Life cycle of Aurelia. 


Distinction between Obelia medusa 
and Aurelia medusa. 

The medusae of both Aurelia and Obe- 
lia are free-swimming and they exhibit an 
apparent similarity. In spite of these re- 
semblances, there arc various features 
by which they can be identified. Some 
of such characters are given in the table 
Cnidaria-1. 

Example of the Phylum Cnidaria — 

SEA ANEMONE 

HABIT AND HABITAT. The sea anemones 
are found abundantly in the sea shores. 
They are sessile animals and remain 
attached with rocks, sea-weeds, molluscan 
shells or any other solid substratum. The 
metagenesis or alternation of generation, 
so common in other classes of Cnidarians, 
is completely absent in case of the sea 
anemones. They are represented only by 
hydroid or polyp stage and the medusoid 
generation is absent. Most of the sea 
anemones are brightly coloured. When 
touched the animal contracts its body 
immediately (Fig. 11.23). The example 
discussed here is known as Urticina. 

STRUCTURE. Urticina has a cylindrical 
body which remains attached to the sub- 
stratum by its aboral end (Fig. 11.24A). 
The aboral end is closed and forms a 
broad sole-like base or pedal disc . Rows 
of adhesive warts are present on the surface 
of the upright column . The free end of the 


body possesses a hoiizontal plate known 
as the peristome or oral disc , ventral to 
which lies an elongated slit-like opening, 
the mouth. Between the mouth and disc 
there are eighty short hollow conical 
tentacles ananged in five circlets. On 
the body wall small openings known as 
cinclides arc present. 

Urticina exhibits both bilateral as well 
as radial symmetry. 

NUTRITION. Mouth leads into a flattened 
cylindrical gullet whose terminal edge at 
each end produces a descending lappet. 
Two longitudinal grooves are present on the 
stomodaeum known as the si phono glyphs. 
Between the gullet and the body wall there 
are radiating partitions called the 
mesenteries or septa (Fig. 11.24 B & C). 
Mesenteries are of three types : 

1. Primary mesenteries — when the par- 
titions are complete. At each end of the 
gullet two such mesenteries arc present. 
They are called the directive mesenteries. 

2. Secondary mesenteries — when the 
partitions arc incomplete and run halfway 
between the gullet and the body wall. 

3. Tertiary mesenteries are just small 
ridges on the inner wall of the body. 

The gullet opens into the stomach which 
gives off a number of intermesenteric 
chambers. Intermesenteric chambers arc 
in communication with one another by 
two apertures on each mesentery known as 
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Fig. 11.23. A common sea-anemone ot Indian sea shore. A. Y r iew from the top and B. Side view 
(contracted state). 



Fig. 11 .24. A Diagrammatic view of a sea -anemone (a part removed to show internal structures) . 
B. Section passing through the gullet and G. Section passing through the middle region, (after 
various sources). 
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Table 1 — Cnidaria 

COMPARATIVE ACCOUNT OF THE MEDUSOID STAGES OF 0BEL1A AND AU RELIA 


Characters 

Obelia 

Aurelia 

1 . Edge of the umbrella 

Smooth. 

Not smooth, provided with 
eight equidistant marginal 
notches. 

2. Number of tentacles 

Sixteen in a newly form- 
ed medusa, but number 
increases with age. 

Numerous. 

3. Velum 

1 

Present. 

Absent as such, but an 
analogous structure called 
velarium is present. 

4. Gonads 

Ectodermal in origin, 
globular in shape and lo- 
' cated on the radial canals. 

Endodermal in origin, 
horse-shoe-shaped, located 
on the floor of the gastric 
pouches. 

5. Manubrium 

Large and conspicuous. 

Short and inconspicuous. 

6. Oral arms 

Absent. 

Present and four in num- 
ber. 

7. Subgenital pits 

Absent. 

Present and four in num- 
ber. 

8. Gastric filaments 

Absent. 

Present and numerous. 

9. Marginal sense oigans 

Simple, in the form of 
lithocysts 

Complex, in the form of 
tentaculocysts 

10. Stomach 

Ill-developed. 

Well-developed and spa- 
cious. 

1 1 . Gastric pouches 

Absent. 

Present and four in num- 
ber. 

12. Radial canal 

Four in number and un- 
branched. 

Sixteen, simple and mostly 
branched. 

13. Mesoglea 

Jelly-like and non-cellular. 

Containing fibres and mi- 
grated loose amoeboid cells. 

14. Duration of metagenesis 

Long. 

s 

Short. 


13 [vol. i ’761 





194 


BIOLOGY OF ANIMALS 


the ostia . The free end of the mesentery 
below the gullet gives rise to a twisted 
cord called mesenteric filament which is 
produced into slender threads known 
as acontia . The acontia arc seen to 
protrude out of the body wall through 
the cine tides. 

HISTOLOGY. The body wall is composed 
of an outer ectoderm and an inner endo- 
derm and in between them lies a thick and 
tough mesoglea (Fig. 11.25B). The gullet 


(Fig. 11.25A). Transverse section of the 
tentacle reveals that both ectoderm as 
well as endoderm are made up of tall 
columnar ciliated cells. Mesogleal layer is 
extremely thick and contains delicate 
fibres and scattered cells. 

Elongated cnidoblasts of several types 
(Fig. 11.26B, 3-5) occur in the ecto- 
derm of the body and in the mesenteric 
filaments. Gland cells are also abundant 
in the ectoderm. Mesenteric filament is a 



nematocyst 

mucous gland 
cells 

ectoderm 


nerve fibres 

longitudinal 

muscle 


mesoglea 


transverse 
muscle 

circular 
endodermal 
muscle 

endoderm 



Fig. 1 1 .25. A. Transverse section through tentacle of sea-anemone. B. Transversc^cction 
through the body wall of sea -anemone. ■ 


has a median mesogleal layer with ecto- 
derm on either side. Mesenteries have a 
supporting layer of mesoglea with endo- 
derm on two sides. Histological picture is 
best seen in the section of the tentacle 


trilobed structure with a glandular median 
lobe and two ciliated lateral lobes. Cnido- 
blarts are quite abundant in the mesen- 
teric filaments. 

Urticina has well-developed muscles 
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which are spindle-shaped nucleated fibres, ction. The sexes are separate. The gonads 
Mesenteries are provided with longitu- develop in the mesenteries and thus are end- 
dinal or retractor muscles, transverse oderrnal in origin. The spermatozoa are 
muscles and parietal muscles (Fig. 11.26A). discharged to the exterior through mouth 
The longitudinal muscles are responsible and find their way to reach the ovum and 
for the contraction of the body and tenta- eventually fertilization takes place inter- 
cles, while the transverse muscles act in a nally and the zygote is formed. In some 
reverse way. The parietal muscles draw Anthozoa both the gametes come out 



I r ig. 1 1.26. A. Diagram antic representation of a septum of sea-anemone in section. B. Certain 
cells ofsea-ancnrme. 1 . Sensory nerve cell. 2. Epithelial muscle cell. 3-5. Different ncmatocysts- 
spirocyst (3) htsitrichous isorhiza (4) and microbasic amnstigoph^re (5) (after various sources). 


the body to the base, where another set 
of circular muscles is present to act as 
sphincter. 

NERVOUS SYSTEM. Nerve fibres with 
nerve cells are found in the ectoderm and 
in the endoderm. Nervous system is simple 
and essentially a nerve-net type. 

REPRODUCTION. Fission or fragmenta- 
tion may result into the formation of a new 
polyp. But most common is sexual reprodu- 


of the body and thus fertilization is 
external. 

DEVELOPMENT. The zygote, after pass- 
ing through the routine stages of develop- 
ment, transforms into a typical Cnidarian 
Planula larva, which after a brief free swi- 
mming existence settles down to metamor- 
phose into an adult. Figure 11.27 illustra- 
tes the important features and the plan 
of life-cycle of a few cnidarians. 
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Fig. 11.27. Showing important features in the life-history of a few Cmdarutns. 


COMPARATIVE ACCOUNT OF THE POLYPOID STAGES OF AURELIA AND URTICINA 


The polyps represent the asexual gene- 
ration in Gnidarians. The polyps in 
Cnidarians have similar structural plan 
and have tube-like appearance with a 
distinct polar axis. The distal end is 
marked by the presence of mouth on 
manubrium and the proximal end is 
characterised by pedal disc which helps 
in attachment with the substratum. A 
number of tentacles encircles the manu- 
brium. In most cases, this basic 
organisation becomes modified. In 


Aurelia , the asexual generation is very 
brief and is represented m the life- 
cycle by the Scyphistoma, \ whereas in 
Urticina (a typical representative of 
Sea-anemones) the adult itself is a polyp. 
The medusa is completely absent in 
Urticina. 

The structural organisation of Urticina 
is more complex in nature than the 
scyphozoan polyp ( Scyphistoma ). The 
main differences are tabulated below 
in Table 2 — Gnidaria: 
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Table 2 — Cnidaria 


Characters 

SCYPHISTOMA STAGE OF 
Aurelia 

Urticina 

1. Shape 

Elongated tube-like body 
with narrow proximal end 
differentiated into stalk for 
attachment. 

Cylindrical body with a 
proximal broad base for 
attachment, an upright 
column and a distal hori- 
zontal disc called peristome. 

2. Height 

About 1*5 cm. in height. 

Diameter of the body may 
slightly exceed height and 
is about 7*5 cm. across. 

3. Distal tentacles 

1 

16 solid tentacles develop- 
ed in regular order (4 per- 
radial, 4 interradial and 8 
adradial tentacles) . 

Numerous short, hollow 
and conical tentacles are 
arranged in 5 circlets. 

4. Manubrium 

Present. 

Absent. 

5. Mouth 

I 

Square in outline and is 
placed in the manubrium. 

Slit-like — situated in the 
middle of the peristome. 

6. Septal funnels 

4 interradial septal funnels 
are present which sink into 
gastric ridges. 

No such structure is pre- 
sent. 

7. Mesenteries 

True mesenteries are ab- 
sent and 4 gastric ridges are 
present which can be com- 
pared with the mesenteries 
of Urticina. 

The stomodaeum and the 
body wall are connected by 
numerous radiating parti- 
tions called mesenteries. The 
mesenteries are of three 
types — primaries, secon- 
daries and tertiaries. 

8. Mesenteric filaments 

Absent. 

The free edge of each 
mesentery below the gullet 
produces twisted cord 

called mesenteric filaments 
which may in turn pro- 
duce slender thread-like 
acontia. 

9. Enteric system 

Simple in organisation. 

Very much complicated 
and is divisible into stomo- 
daeum, stomach and radial- 
ly arranged intermesen- 
teric chambers produced 

by the primary mesenteries. 

»• 

10. Reproduction 

By budding and transverse j Develops gonads in the 
fission or strobilation. ■ mesenteries and gonads are 

! endodcrmal in origin. 

i 
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SOME INTERESTING CNIDARIANS 

Protohydra* Protohydra (see Fig* 11.29 
A) is a peculiar hydra of 3 mm in length. 
It lacks the usual tentacles. It is available 
along the shores of Great Britain and 
northern part of Europe. Protohydra feeds 
on nematodes and small crustaceans and 
propagates usually by longitudinal and 
transverse fission. It is dioecious and lacks 
a medusaid stage. 

Halistemma* Halistemma (Fig. 11.28) 
represents a typical form of Siphono- 
phore colony. Some peculiar features are : 

(i) Largest nematocyst amongst Cnida- 


When touched the long trailing tentacles 
liberate toxic substances to produce severe 
pain to other organisms. The noted fea- 
tures are : 

(i) The size may reach with a float up to 
10 to 30 cm in length. 

(ii) Swimming bells and tentilla are 
absent. 

(Hi) The gaseous content of the air-sac 
contains 1*5% Argon, 85 to 91% Nitro- 
gen, and 7*5 to 13*5% Oxygen. 

( iv ) A remarkable instance of commen- 
salism is present between Physalia and the 


crest nf float 



Fig. 11.28. A few representatives of the order Siphouophora. 


rains is present in Halistemma. The length 
of the nematocyst is about 1-12 mm and 
the length of the discharged tube is about 
several millimetres long. 

(ii) Two alternate rows of the swimming 
bells are closely pressed together to assume 
bilateral shape. 

(iii) When newly formed, the different 
zooids of the colony are located on one 
side, but subsequently the stem on which 
the zooids are borne becomes twisted and 
appears to be irregular. 

Physalia* Another remarkable Sipho- 
nophore is Physalia , commonly known 
as Portuguese man-of-war (Fig. 11.28). 


fish, Nomens. This small fish swims among 
the tentacles of Physalia. 

(v) The float is an elongated bladder- 
like sac with two pointed end$ and ranges 
from 3 to 12 cm in length. \ 

(vi) The female reproductive zooids be- 
come detached from the coiony as free 
medusae, but the male ones remain atta- 
ched. 

Porpita* Porpita (Fig. 11.28) represents 
the most modified form amongst the 
Siphonophores. 

Some peculiar features of Porpita are: 

(i) The float forms a round discoid body 
with air-chambers. Each of these chambers 
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communicates to the outside by many 
pores. 

(ii) The centre of the colony is occupied 
by a single large gastrozooid. 

(iii) The edge is provided with simple 
hollow tentacle-like bodies — the dactylo- 
zooids (tentaculozooids). 

( iv ) The gonozooids are like gastrozooids 
and may possess mouth but tentacle is 
absent. 

( v ) Beneath the float, there is a mass 
(so-called liver) permeated with endoder- 
mal canals which are regarded to be excre- 
tory in function. The walls of these canals 
are filled with guanine crystals. 

Velella. Velella (Fig. 11.28) is a closely 
allied genus of Porpita and it also exhibits 
a modified form amongst Siphonophora. 
Both of them belong to the same group 
and under a single suborder. 

Some special features of Velella are: 

(i) The float is like that of Porpita but it 
possesses an obitquc shell on the upper 
side and it has rhomboidal form. 

(ii) The gastrozooid, dactylozooids and 
gonozooids are all like those of Porpita, 
but tentilla is absent. 

(iii) Velella contains 88% water, 5' 6% 
salts, 3% chitin and the rest is covered by 
other organic substances. Traces of carbo- 
hydrate and fat are also recorded. 

(iv) Just like Porpita, the so-called liver 
performing excretory function is present. 

Diphyes. Diphyes represents a peculiar 
Siphonophore colony, where the float is 
lacking. The proximal end of the colony is 
occupied by swimming bells. 

The peculiar features are : 

(z) The swimming bells are two in 
number and are similar. 

(ii) The bells are followed by groups of 
zooids. Each group comprises of a polyp 
with tentacles, a medusoid form and a 
large bract encircling them. 

CLASSIFICATION 

The nature and classification of the 
Gnidarians had long been a debated 
issue. The scheme combining Cnida- 
rians and the Ctenophores under one 
phylum named Coelenterata has not been 
accepted by many authors and in many 
text-books the Gnidarians and the Cteno- 
phores are regarded as separate phyla. 


The scheme of combining the Gnida- 
rians and Ctenophores under a common 
phylum Coelenterata is not followed now- 
adays. The Gnidarians are typical diplo- 
blastic metazoa of tissue grade of cons- 
truction while the Ctenophores arc triplo- 
blastic metazoa. The classificatory scheme 
presented here is based on the above consi- 
derations and both the Cnidarians and 
Ctenophores have been given the status of 
separate phyla. 

CLASSIFICATION IN OUTLINE 

The classificatory scheme followed in 
the present text is based largely on the 
plan laid down by L. H. Hyman in her 
book, “The Invertebrates: Protozoa thro- 
ugh Ctenophora (Vol. 1).” 

PHYLUM CNIDARIA 

A. Class Hydrozoa 
Order 1. Hydroida. 

Suborder : Anthomcdusae (Athecata 
or Gymnoblastea), e.g. Bou- 
gainvillea , , Hydra , Protohydra , 
Ceraiella. 

Suborder : Leptomedusae (Thccaphora 
or Calyptoblastea), e.g. Obelia, Clylia. 
Order 2. Tr achy Una. 

Suborder ; Trachymedusae, e.g. Petasus , 
Glossocodon . 

Suborder : Narcomedusae, e.g. Cunarcha , 
Polycolpa. 

Order 3. Milleporina , e.g. Millepora. 
Order 4. Stxiasterina , e.g. Stylus ter , Allo- 
pora , Astylus. 

Order 5. Siphonophora. 

Suborder : Calycophora, e.g. Pray a, 
A by la. 

Suborder : Physophorida, e.g. Physalia , 
Velella , Porpita. 

B. Class Scyphozoa 

Order 1. Lucernariida or Stauromedusae , 
e.g. Luce maria. 

Order 2. Coronatae , e.g. Pericolpa , Nausi- 
thoe. 

Order 3. Cub o medusae or Caryhdeida , e.g. 
Chary bdaea. 

Order 4. Semaeostomcae y e.g. Aurelia. 
Order 5. Rhizostomeae , e.g. Pilema . 

C. Class Actinozoa or Anthozoa 

Subclass Hexacorallia or Zoantharia. 
Order 1. Actiniaria, e.g. Urticina y Adam - 
sit i, Minyas. 
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Order 2. Madreporaria e.g. Madrepora , 
Astraea, Cor allium. 

Order 3. Zoanthidea, e.g. Zoanthus. 

Order 4. Antipatharia , e.g. Antipathes . 

Order 5. Ceriantharia y e.g. Cerianthus . 

Subclass Octocorallia or Alcyonaria. 

Order 1 . Stolonifera , e.g. Tubipora y Hat - 
tea. 

Order 2. Telestacea , e.g. Telesto. 

Order 3. Alcyonacea , e.g. Alcyonium . 

Order 4. Coenothecalia y e.g. Heliopora . 

Order 5. Gorgonacea y e.g. Gorgonia . 

Order 6. Pennatulacea y e.g. Pennatula . 

GLASSIFICATION WITH CHARAC- 
TERS 

The phylym Cnidaria is a large group 
and its members possess nematocysts. It 
is divided into three classes — Hydrozoa , 
Scyphozoa and Actinozoa . 

Class Hydrozoa. The class Hydrozoa 
(Figs. 1 1.28 and 1 1.29) is characterised by 
the possession of the following characteris- 
tic features: Coelenteron (also designa- 
ted as enteric cavity) is undivided and 
is without stomodacum. The individuals 
are either exclusively polyploid or exclusi- 
vely medusoid or constituted by both the 
above forms. Metagenesis is usually dis- 
tinct. Reproductive cells are usually ecto- 


dermal in origin and are discharged to the 
exterior directly. The mesoglea is non- 
cellular. The members are mostly 
marine. 

Order Hydroida . Polypoid stage is well- 
represented and the polypoid forms are 
usually remain fixed. The sense organs are 
exclusively ectodermal in origin. 

Suborder Anthomcdusae (Athecata or 
Gymnoblastea). The gastrozooids lack 
hydrothecae. The blastostyles are naked. 
The free medusae are tali and bell-like. 
The sense organs are in the form of ocelli 
but arc without statocysts. The gonads are 
borne on the manubrium. Typical exam- 
ples are : Sarsia y Corynitis , Steenstrupia , 
Corymorpha , Tubular ia y Clava y Cordylophora. 

Suborder Lcptomedusae (Thecaphora or 
Calyptoblastca). The gastrozooids are 
provided with hydrothecae. The blasto- 
styles are covered by gonothecae. The 
free medusae are saucer-shaped. The sense 
organs are usually in the form of stato- 
cysts. The gonads are borne on the radial 
canals. The examples are: Laodicea y Stauro- 
phora, Obelia y Clytia y Ptychogena , M dicer turn ^ 
Polyorchis. 

Order Trachylina. In this case medusoid 
generation is well-represented and is with 
or without polypoid stage. The sense 


medusa 



Fig. 11.29. A few representatives of class Hydrozoa. A. Protohydra . B. BougainvilUa. G. Dia- 
grammatic view of Milltpora. Showing gastrozooid and dactylozooids (after various sources.). 
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organs are statocysts or tentaculocysts and 
consist partly of endoderm. 

Suborder Trachymedusae. The margin 
of the bell is smooth. The gonads are borne 
on the radial canals. The examples are : 
Rhopalonema , Aglaura , Geryonia, Liriope. 

Suborder Narcomedusae. The margin of 
the bell is scalloped by tentacles. The 
gonads are present on the floor of 
stomach or in manubrium. The exam- 
ples are : Cunina 9 Cunoctantha , Aegina , Sol- 
mar is. 

Order Milleporina . The hydroid stage 
contains voluminous calcareous external 
skeleton with gastropores and dactylo- 
pores. Through these pores respective 
zooids protrude. The elongated dactylo- 
zooids are hollow and arc with capitate 
tentacles. The medusae may be without 
mouth, digestive canal and tentacles. The 
sole representative of the order is Millepora. 

Order Stylasterina . The members of this 
order are- similar to that of Milleporina. 
The dactylozooids arc small, solid and lack 
tentacles. The gonophores are reduced to 
sporosacs. The examples are : Stylus ter . 
Allopora , Astylus , Cryptohelia , Distichopora . 

Order Siphonophora . They arc the colo- 
nial forms and exhibit extreme polymor- 
phism of both the polyp and medusa. The 
polyps lack oral tentacles. The gono- 
phores do not develop into complete medu- 
sae. It includes two suborders: Calycophora 
and Physophorida. 

Suborder Calycophora. The colony is 
provided with ncctocalyces at its upper 
end. The examples are: Praya , Abyla . 

Suborder Physophorida. The colony con- 
tains pneumatophore at the upper end. 
The examples are Physalia (Portuguese 
man-of-war), Velella , Porpila . 

Class Scypliozoa. The adults exist only 
in medusoid stage and the polypoid gene- 
ration is very insignificant. The polyp is re- 
presented by the Scyphistoma and Ilydratubn 
The cndodennal gastric tentacles are 
present. The mesoglea is non-cellular but 
thick. The gonads are endodermal in 
origin. The velum is absent. The sense 
organs are usually in the form of tenta- 
culocysts. 

Order Lucernariida or Stauromcdusae . The 
umbrella is conical or vase-shaped and 
remains attached to the substratum by 
aboral peduncle. The tentaculocysts are 


usually absent. Lucernaria is the typical 
example. 

Order Coronalae. The umbrella is free- 
swimming and is provided with coronary 
groove . The tentaculocysts may vary from 
lour to sixteen in number. The examples 
are : Pericolpa , Nausithoe. 

Order Cubomedusae or Carybdeida. The 
umbrella is cup-like and is four-sided* 
They are free -swimming forms and four 
tentaculocysts are present at the perradial 
plane. The example is : Charybdaea. 

Order Semaeostomeae . The umbrella is 
disc-shaped and possesses usually eight 
(four are perradial and four are inter- 
radial) tentaculocysts. Four oral arms are 
present. Aurelia is the typical example. 

Order Rhizostorneae. The original mouth 
is obliterated due to the fusion of the oral 
arms. Many small mouths and canals 
are present in the oral arms. 1 he marginal 
tentacles are absent. Eight or more tenta- 
culocysts are present. The example of the 
order is: Pilema. 

Class Actinozoa or Anthozoa. They 
exist only in polyp form. r I he stemedaeum 
is strongly developed and possesses siphonc- 
glyphs. Extending between the stemo- 
daeum and the body-wall there are mesen- 
teries. Mesoglea is well-developed with 
fibrous connective tissue. The gonads are 
endodermal in origin. The members of 
this class arc exclusively marine. 

Subclass Ilexacorallia or Zoantharia. 
They are either solitary or colonial forms. 
The tentacles and the mesenteries are 
generally numerous and arc in the multi- 
ple of five or six. The tentacles are hollow 
and unbranched. Usually two siphonogly- 
phs are present. This subclass is divided 
into five orders. They are : 

Order 1. Actiniaria. Numerous tentacles 
and mesenteries are usually present in 
multiples of six. Skeleton is absent. The 
examples are the Sea-anemones, such as 
Tealia , Minyas , Urticina , Adamsia , Edwardsia. 

Order 2. Madreporaria , This order in- 
cludes the stony corals. They are usually 
colonial forms and possess compact calcare- 
ous skeleton. The^ * siphonoglyphs are 
absent. The examples arc Madrepore , 
Astraea , Corallium. 

Order 3. ^oanthidea. They are devoid of 
skeleton and pedal disc. One ventral 
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siphonoglyph is present. The tentacles are 
unbranched. The well-known example is : 
Zoantkus. 

Order 4. Antipatharia. This order includes 
the black corals. They are colonial 
forms having comparatively fewer tentacles 
and mesenteries (6 to 24 in number). 
The skeleton is in the form of branched 
chitinoid axis. Two siphonoglyphs are 
present. The example is Antipathes . 

Order 5. Ceriantharia. Solitary forms with 
single dorsally placed siphonoglyph. Many 
tentacles are present and are arranged in 
two whorls. The mesenteries are all com- 
plete. The typical example is: Pachycerian - 
thus. 

Subclass Octocorallia or Alcyoniaria. The 
number of tentacles and mesenteries in 
this subclass are always eight. The mesen- 
teries are complete. The tentacles are 
pinnately branched. One ventral siphono- 
glyph is only present. They are colonial 
forms with endoskeleton. This subclass is 
divided into six orders. 

Order 1. Stolonifera . The polyps are not 
fused and are connected by basal stolons. 
The stolons are embedded in a basal mat 
of tissue. The skeleton comprises of sepa- 
rate spicules or the spicules may fuse to 
form tubes. Example: Tubipora. 

Order 2. Teleslacea . The colony consists 
of very long axial polyps. Many lateral 
polyps are present at side branches. 
Example : Telesio . 

Order 3. Alcyonacea. The examples of 
this order are the soft corals typified by 
“Dead-men’s fingers”, Alcyonium. The 
polyps are united in the proximal parts 
to form the fleshy mass. The skeleton con- 
sists of separate calcareous spicules. 

Order 4. Coenothecalia . This order is 
exemplified by the blue coral. The skeleton 
consists of crystalline fibres of aragonite 
which are fused into lamellae. The skeleton 
is massive and perforated with cylindrical 
cavities where the polyps are lodged. 
The solenial tubes are long. Example: 
Heliopora . 

Order 5. Gorgonacea. The corals are 
compound tree-like in appearance typified 
by Gorgonia. A calcareous or horny skele- 
ton of ectodermal origin is present. Usually 
dimorphic polyps are borne on the sides 
of the skeletal axis. The siphonoglyphs are 
absent. 


Order 6. Pennatulacea. The colony con- 
sists of a long axial polyp with many 
lateral polyps. The polyps are dimorphic. 
The lower portion of the axial polyp which 
forms the stalk is devoid of polyps. The 
skeleton comprises of calcareous spicules. 
The “sea-pens” ( Pennatula ) are the com- 
monest examples (Fig. 11.30). 



GENERAL NOTES ON 
CNIDARIA 

HISTORY. Goelenterates were con- 
sidered previously as the intermediate 
forms between plants and animals and were 
included under Z 00 P^ a (Gr. \Zp on ^ani- 
mal; phyton -plant). Tremblcy (1744) 
established the animal nature of the hydras 
and other coelenterates. Depending on 
the nature of the symmetry ojf the body, 
Linnaeus and Cuvier grouped the coelen- 
terates under Radiata which included the 
echinoderms also. Leuckart (1847) first 
established the differences existing between 
the coelenterates and the echinoderms and 
placed the former group in a separate 
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phylum— the phylum Goelenterata (Gr. 
Koilos= cavity and enteron —intestine). 

However, his group Goelenterata included 
the sponges and ctenophores. The sponges 
were later separated as an independent 
phylum. Many zoologists have inclu- 
* ded the cnidarians and ctenophores 
under a common phylum — the phylum 
Goelenterata. But the recent trend on 
taxonomy has placed the ctenophores 
under a separate phylum. Hence Leuc- 
kart’s Goelenterata is now divided into 
three phyla — the Porifera, Cnidaria and 
Ctenophora. 

HABIT AND HABITAT. Phylum Cni- 
daria constitutes the first metazoa pro- 
per having well-developed tissue grade 
of organisation. This phylum is notable in 
the animal kingdom for exhibiting poly- 
morphism. Most of them are marine 
and others are fresh-water. They 
are mostly pelagic animals and are free- 
living. Instates of commensalism are 
quite numerous amongst the actinozoans. 
Parasitism, though very rare, is also not 
uncommon. Polypodium , one of the Antho- 
medusae, remains as a parasite in the ovary 
of a fish called Sturgeon. Cunina , one of 
the Narco medusae, lives parasitically on 
Trachymedusae. Peachia , an acti no^oa, 
leads parasitic life in the larval condi- 
tion in the radial canals of Scyphome- 
dusae. 

POLYMORPHISM IN CNIDARIANS. The 

cnidarian coelenterates, are notable 
for polymorphism. In the history of 
invertebrate evolution, the cnidarians 
were the first to exhibit the tendency 
of division of labour through poly- 
morphism. Polymorphism is a pheno- 
menon of existence of different physiologi- 
cal and morphological forms represented 
by an extensive range of variations within 
a single species. This phenomenon may 
be compared to the organ formation 
in higher forms. To define it in other way, 
polymorphism means the existence of 
individuals (Zooids) of a single species in 
more than one forms and functions. Poly- 
morphism is the most characteristic fea- 
ture of colonial cnidarians, the indivi- 
dual zooids associated in the colony are 
rarely similar in forms. The cnidarians 
which form colonies are characterised by 
the extreme specialisation of the indivi- 
duals composing them. 


Basic units of Polymorphism. Polyp 
and medusa are the components and units 
of polymorphism in cnidarians. Speciali- 
sations of these zooids result into polymor- 
phism. Entire polymorphic diversities pre- 
sent in a species of colonial cnidarians can 
be reduced into two main zooids — the 
polyp and medusa which remain in orga- 
nic connection with one another. The struc- 
tural organisations of the typical polyp and 
medusa have been fully described pre- 
viously. These two forms are strictly homo- 
logous structures and both of them may be 



derived fiom a sac-like body. These two 
forms alternate with each other in the life- 
history of a typical cnidarian — the polyp 
producing medusa ascxually and the 
medusa producing polyp sexually. 

Polymorphic variabilities. Polyp and 
medusa occur in a number of morphological 
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variations, several of which may be 
found in a single species. In the class Hy- 
drozoa polypoid and medusoid forms occur ; 
in the class Scyphozoa the medusoid form 
is predominant while in the class Actino- 
zoa, zooids are exclusively polypoid. Ex- 
treme specialisation of forms is exhibited 
by the members of the order Siphono- 
phora (Fig. 11.31) of the class Hydrozoa. 
Their colonies exhibit the highest degree 
of polymorphism. Both polyp and medusa 
show several modifications, none of which, 
however, agree fully with typical zooids. 

I. Modifications of the Polyp 

A. Gastrozooids of Trophozooids or 
Nutritive Zooids. As the name indicates 
these zooids are meant for feeding 
(Fig. 11.32A, B). They have cylindrical 


normal tentacles. A single large hollow 
tentacle is present. The tentacle is highly 
contractile and hangs from or near the 
base (Fig. 11.32A). This tentacle bears 
lateral contractile branches, called tentilla. 
Each tentilla terminates in a large and 
complicated knob or coil of nemato- * 
cysts. 

(2) Siphonozooid. In Pennatularia the 
gastrozooid is modified to produce a 
current-producing device at the expense 
of other structures. They arc inhalant in 
action and are merely warty projec- 
tions on the body. They are devoid of 
tentacles, longitudinal muscles but may 
sometimes possess septal Jilaments. In rare 
cases, the zooid may possess a single 
tentacle. The siphonoglyphs are strongly 



Fig. 11.32. Different types of zooids. (after various sources). A. Gastrozooid with! tentacle 
and bundle of nenutocysts. B. Central gastrozooid of Velella. C. Dauylozooid with jentacle. 
D. Gonozooid. E. Female gonophora (medusoid form). F. Male gonophort (medusoid form). 
G. Nectophore or swimming bell. H. Bract or hydrophyllium. I. Float of Physalia. 


and funnel-shaped bodies bearing ten- 
tacles. Weil-formed mouth and coelen- 
teron are present. The gastrozooid exists 
in the following modified forms : 

(1) Siphon. The siphon is the only 
member of the colony which can ingest 
food. It is a polyp form, but without 


developed. The siphonozooidsi may remain 
scattered or may be limited to rachis. 
Usually they are located on the dorsal side 
of the rachis in between the leaves. They 
may be arranged in clusters as in Renilla. 
The siphonozooids may be modified as 
mesozooid and autozooid. 

(a) Mesozooid. In Pennatularia } the 
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siphonozooids are further modified to act 
as exhalant zooids. They are also 
known as the 'Meso zooids of Hickson \ 
They possess well-formed septa and re- 
tractor muscles. Siphonoglyphs are very 
weak. 

( b ) Autozooids of anthocodia. These 
are also present in Pennatularia. They 
may be retractile and function as the feeding 
zooids of the colony. They may be differ- 
entiated into a calyx and are always absent 
from the dorsal and ventral surfaces of the 
rachis. The siphonoglyphs arc reduced or 
absent. 

(3) Gastrozooids of Millepora. On the 

surface, there are gastrepores through 
which protrude polyps having four to six 
tentacles reduced into ncmatocyst knobs. 
The body of the polyp is verv short (See 
Fig. 11.29C). 

B. Dactylozooids or Tasters or 
Feelers or Macrozooids. These prot ective 
zooids are actually derived from the gastro- 
zooids by the reduction or total loss of 
mouth. They are elongated and highly 
extensible. The tentacle is usually capitate 
(Fig. 11.32C). The dactylozooids exhibit 
following structural variations : 

(1) Tentaculozooids. In Hydroctcna , the 
dactylozooid assumes a long tentacle- 
like appearance. They may be definitely 
arranged in relation to the gastrozooids 
and are usually situated at the margin. 

(2) Spiral zooids. In Hydroctcna the 
spiral zooids with capitate tentacles remain 
scattered throughout the colony. 

(3) Sarcostyles or Nematophores. In 
Plumulariidae, the sarcostyles spring from 
tiny thecae (nematothecae) located on the 
stems and on the hydrothecae (usually 
three to each) of the gastrozooids. The 
nematophores are usually with club or 
capitate ends, beset with nematocysts or 
adhesive cells or both. 

(4) Palpons. The palpotis in Siphono- 
phora consist of simple hollow tentacle-like 
bodies which spring from the margin of 
the body. The palpons act as the dactylo- 
zooids in Vi della and Porpita. In these two 
forms, the palpons may remain associated 
with the gonophores and are called as 
gonopalpons. 

(5) Cyston. In Siphonophora, a distal 
pore present in the dactylozooid is called 
the cyston. It is excretory in function. 


(6) Dactylozooid of Millepora. On the 

surface of the body there are dactylopores 
from which project long, filamentous, 
rnouthless dactylozooids with irregularly 
disposed tentacles (Fig. 11.29C). 

G. Gonozooids or Blastostyles. These 
zooidit are the reproductive individuals of 
the colony. They are modified polyps that 
produce medusoid forms or their morpho- 
logical equivalents by budding. They are 
club-shaped bodies devoid of mouth and 
tentacles. The coelcnteron is greatly re- 
duced (Fig. 11.32D). The typical form 
becomes modified in different members. 

(1) Gonosiphon. In Velella and Porpita 
the gonozooids may resemble gastrozooids 
and may even possess a mouth. The ten- 
tacles are absent. 

(2) Gonodendron. In Siphonophora, 
gonodendrpns are present as branched 
stalks which bear grape-like clusters of 
gonophores and are usually provided with 
a long retractile gonopalpon. 

(3) Gonopalpon. In Siphonophora, a 
tentacle- like dactylozooid remains associa- 
ted with the gonophores and is then term- 
ed as gonopalpon. 

D. Special types of Zooids 

( 1 ) Gonostyles or Secondary Siphonozooids. 

Iii Porpita , the gonostyles are primarily 
reproductive in function and may 
secondarily be nutritive. The mouth and 
coelentcron are present. The gonads remain 
attached with the siphonozooids. 

Some authors claim Hydrorhiza and 
Hydrocaulus of Obelia to be special types 
of Zooids. 

(2) Hydrorhiza. In Obelia , the hydro- 
rhiza acts as the organ of attachment for 
the whole colony. 

(3) Hydrocaulus, In Obelia , the hydro- 
caulus, arising from the hydrorhiza, bears 
different zooids and helps to convey the 
food rnattcistothc different parts of the 
colony. 

II. Modifications of medusoid form 

A Nectocalyx or Ncctophore or Swimming- 
bell. This form is present in Siphonophora 
excepting Physalia . It has a typical 
medusoid form having a bell, velum, four 
radial canals and a ring canal, but is 
devoid of mouth, manubrium, tentacles 
and sense organs (Fig. 1 1.32G). The body 
is bilaterally flattened, may be prismatic or 
may be elongated. In bilateral forms, two 
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of the four radial canals, take sinuous 
courses. The body is highly muscular and 
helps in the process of locomotion. 

B. Bract or Hydrophyllium or Phyllozooid. 

These forms do not resemble the medusa, 
though they are actually medusoid in 
origin. They have thick gelatinous, 
prismatic or leaf-life or helmet-shaped 
bodies having simple or branched coelen- 
teron. These forms are present in Sipho- 
nophora (Fig. 11.32H). 

C. Pneumatophore or Float. This type 
is present in siphonophores excepting 
Diphyes . It is hydrostatic in function and is 
represented by an inverted medusoid hell 
devoid of mouth and tentacles (Fig. 1 1 .321). 
The mesoglea is absent. It consists simply of 
an external exuinbrellar wall called the 
pneumatocodon and an internal subumbrcllar 
wall known as the pneiirnatosaccus or air sac. 
The original opening of the air sac is direc- 
ted upward. This opening may be closed 
or reduced to a pore guarded by a sphincter 
muscle. The air sac Is usually lined by 
a chi ti nous layer secreted by the ectoderm. 
At the bottom of the ail sac there is usually 
an expanded chamber termed as trickier 
or funnel. The ectodermal lining of the 
trichter is modified into gas gland. The air 
sac is filled up with oxygen, nitrogen, 
argon, etc. Normally one pneumatophore 
is present in a colony. 

D. Aurophores. These forms help in 
swimming and excretion. It is ovoidal in 
shape. A part of the pneumatophore 
becomes partially constricted off to form 
a bell-like aurophore which remains 
amongst the nectophores. The aurophore 
remains in communication with the pneu- 
matophorc as well as with the exterior. 

E. Gonophores. These types of zooids 
are reproductive in function. Gonophores 
may occur singly or they may be present in 
clusters. They look like medusae in haying 
bell, velum, radial canals and manubrium 
(Fig. 11.32E, F). Gonads are situated on 
the manubrium. Mouth, tentacles and 
sense-organs are lacking. Gonophores are 
dioecious, but the colony is hermaphrodite. 
The female gonophores are medusa-like, 
but the male gonophores are sac-like. 
From these medusa-like gonophores, gra- 
dations of reduction from umbrella-like to 
sac- like forms are encountered. In most of 
the members of Hydroidea, the gonophoics 


are sessile. The following stages in the 
process of reduction are recognised : 

(1) Eumedusoid stage. This is observed 
in Tubularia. In this form, tentacles and 
other marginal structures are lacking. 

(2) Gryptomedusoid stage. This stage 
is seen in Claim. The body lacks velum and 
radial canals. 

(3) Heteromedusoid stage. This stage 
is noticed in the family Plumulariidae 
where the endoderm is inactive. 

(4) Styloid stage. This stage is seen in 
Eudendrium. They are just the original 
ectodermal and endodermal protruber- 
anccs. 

The cryptomedusoid, heteromedusoid 
and styloid stage of the gonophores are 
usually designated as sporosacs. 

Origin of Polymorphism, Polymor- 
phism in cnidarians is virtually regar- 
ded to be the division of labour, where 
different zooids perforin diverse functions. 
As regards the origin of polymorphism in 
cnidarians, the following theories have 
been advanced : 

I . Poly-organ theory. The main suppor- 
ters of the theory are Huxley, Metschnikoff 
and Eschscholtz. They regard that each 
polymorphic colony is an individual and 
the polyps or medusae, which are budded 
off from it, are the organs. 

II. Poly-person theory. The supporters of 
this theory arc Vogt, Leuckart, Gagcnbaur, 
Chun and Kukerithal. This theory suggests 
that cnidarian colony is constituted of 
independent and separate individuals 
which remain in organic connection with 
one anothei. According to this view each 
zooid is a separate individual, where some 
portions may be either lost or obliterated 
in course of time. 

III. Medusa theory. This theory is for- 
warded by Haeckel, Balfour* and Sedg- 
wick. The theory advocates that the pri- 
mitive zooid of polymorphic colony was, 
with all probabilities, a me|lusa which 
produced other medusae by ?lhe process 
of budding. These medusae < possess the 
power of locomotion as well as the power 
of reoroduction. In this view many organs 
of the colony are nothing more than 
the parts of such medusoid individuals 
which have subsequently shifted their 
attachments from the original medusa. 
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This concept makes a compromise between 
the two previously described theories. It 
agrees with the second theory in asserting 
the colonial nature and also admits that 
asexual reproduction and specialisation of 
certain parts of the colony, as advocated 
in the first-theory. 

Relationship between Metagenesis 
and Polymorphism. The advent of 
polymorphism in cnidarians resulted 
into division of reproductive processes — 

Gastrozooid — Polyp 

Dactylozooid 


Planula larva «< 

the polyp is only capable of asexual repro- 
duction, while the sexual reproduction is 
only confined to the medusae or the gono- 
phores (modified medusae). The fertilized 
egg from these gonophores never develops 
into the medusa or the gonophore that 
produces it, but always transforms into a 
polyp form and thus rendering the life- 
history complicated and leads into meta- 
genesis. 

The relationship between metagenesis 
and polymorphism has raised the ques- 
tion — is metagenesis an outcome of poly- 
morphism or has it led to the emergence of 
polymorphism? A discussion on the exis- 
tence of different grades of metagenesis in 
cnidarians will help us to find a logical 
answer. 

Gradations of Metagenesis. Four 

different forms of life-histories are seen in 
the cnidarians which exhibit a trend 
towards complexity. These different 
grades are : 

Monomorphic form. Typical representa- 
tive is Hydra . Fresh-water forms lack 
free larval stage but the marine forms 
do possess it. 

Polyp — vEgg — > Polyp 

Dimorphic form. Typical representative 
is Aurelia. 

Polyp Polyp 

1 1 

Medusa Medusa 

i i 

Sperm -|- Egg Planula 

larva 


Trimorphic form. Typical representative 
is Obelia. 

Gastrozooid Polyp Blastostyle 

i i 

Medusa Medusa 

l ! 

Planula < — - Egg -j- Sperm 
larva 

Polymorphic form* The classical example 
is the Siphonophora. 

Gonozooid 

! 1 Pneurna tophore 

^ Nectocalyx 

Medusa Medusa — Bract 

| ( Aurophore 

- Egg -I- Sperm 

Examination of these grades has given 
rise to two plausible answers. One view 
holds that ancestral cnidarians were 
polyps and the medusae developed secon- 
darily from it. The polyp passed the func- 
tion of sexual reproduction to the medusa 
which established the cycle of metagenesis. 
The alternate answer is that the original 
cnidarians were medusae and that polyp 
is a larval stage. The life-history of the 
Trachymedusae, a primitive group of 
cnidarian, lends support to this conten- 
tion. In this group the life-history is 
represented as : 

Medusa > Egg 

* i 

Actin’ - —Planula 

Here actinula stage fixes itself like a 
polyp and ascxually produces nxedusoid 
form. This evidence together with the 
nature of development of a siphonophore 
colony, also strongly endorses the second 
view. 

HISTOLOGICAL ORGANISATION. All 

cnidarians are diploblastic tissue-grade 
animals, i.e. the body is composed of two 
distinct cellular layers. The ectoderm lies 
on the outer side and the inner layer 
is called the endoderm. In between them 
there is mesoglca which fails to form a 
distinct cell layer. 

Ectoderm. In most cases it is distinctly 
cellular. Presence of ciliated ectoderm in 
larval cnidarians is usually seen. The cel-* 
lular ectoderm is mainly composed of the 
supporting cells, called the Epitheliomus- 
cular cells. They are usually cuboidal or 
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columnar in shape. They may be thin and 
flattened (exumbrellar surface of medusae) 
or may be slender and elongated (in 
anemones). The base of the cell-types 
possesses contractile extensions. These 
contractile extensions are absent in some 
trachylines, in majority of scyphozoa and 
actinozoa where the basal end is simply 
amoeboid. It is observed that distinct 
fibrils are present in epitheliomuscular 
cells of Hydra which ronder stiffness and 
elasticity to the body. 

The ectoderm of the tentacles and the 
anterior region of the body of all cnida- 
rians contain numerous characteristic 
Nematocysts. They are very specialised 
structures having their origin from the 
interstitial cells. The nematocysts are the 
most remarkable cellular derivatives and 
are the diagnostic feature of cnidarians. 
The detailed structural organisation of 
a typical ncmatocyst has already been 
described in biology of Hydra. Two pri- 
mary types of nematocysts are encoun- 
tered in cnidarians. 

(1) Spirocysts. This type is present in 
Zoantharia. The capsule is very thin and 
single-walled. The capsular wall is per- 
meable to water. The thread tube is of 
even diameter. It is very long, unarmed, 
and remains spirally coiled. 

(2) Ncmatocyst proper. This type of ne- 
matocyst is the characteristic of other 
cnidarians. The capsule is very thick 
and is double- walled. The capsular wall 
is not usually permeable to water. The 
thread tube may be of variable length and 
is usually armed. The swollen basal part 
of the thread tube which is devoid of 
spines is called the butt. This type is 
usually divided into several types, depend- 
ing upon the nature of the thread tube. 

I. The tube is closed at the terminal 
end. This includes two types. 

(i) Rhopaloneme. It is present in Dipkyes. 
The tube forms an elongated sac-like 
structure. 

(«) Desmoneme or volvent . It is present in 
Hydra. The thread tube is coiled like the 
cork-screw. 

II. The tube is open at the terminal end 
and is devoid of butt. This type has cer- 
tain varieties. 

A. Isorhiza or Glutinant. When the tube 


is of uniform diameter and found in 
Hydras, corals, anemones and medusae. 

( i ) Hototrichous . When spines are pre- 
sent throughout. 

(ii) Atrichous . When the spines are total- 
ly absent. 

(Hi) Basitrichous. When the spines are res- 
tricted at the base. 

B. Anisorkiza . When the type is ex- 
panded at the base with spines throughout 
the length. Example is Tubularia. 

(i) Homotrichous . Spines are of same 
sizes. 

(ii) Helerotrichous . Spines are of unequal 
sizes. 

III. The tube is open at the terminal 
end and possesses a definite butt. 

A. The butt is of same diameter 
throughout its length. 

( i ) Microbasic mastigopkores. The tube is 
continued beyond the butt, but never ex- 
ceeds more than three times the length of 
the capsule. This type is present in 
anemones. 

(ii) Microbasic amastigophores . The tube 
is short and never extends beyond the butt. 
This type is present in Sagartia , an ane- 
mone. 

(Hi) Macrobasic mastigopkores . The butt is 
more than four times the length of capsule. 
This type is present in Millepora. 

( iv ) Macrobasic amastigophores. The butt 
is very long and the tube does not extend 
beyond the butt as seen in many anemones. 

B. The butt is dilated at the base. 

This type includes the stenosteles or pene- 
trant types which are present in Hydra. 

G. The butt is dilated at the tip. This 
type of nematocysts is called as the eurytele. 

( i ) Homotrichous microbasic. The butt is 
small and the spines are of same size. This 
type is present in Pteroclava . ; 

(ii) Helerotrichous microbasic j The butt is 
small and the spines are of pnequal size. 
This type occurs in Eudendriuin. 

(Hi) Telotrichous macrobasic. ] The butt is 
longer with spines at the digital end. This 
type is also present in Pteroclava. 

(iv) Merotrichous macrobasic. The butt is 
also longer with spines not at the tip as 
observed in some tubularian hydroids. 

The nematocysts develop inside the 
interstitial cells. The interstitial cells 
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containing the nematocysts arc called 
Coidoblasts. Different types of nema- 
tocysts perform different functions. The 
nematocysts have specialised regional dis- 
tribution in the body column of the orga- 
nism. Although they arc present in abun- 
dance in the tentacular and oral regions of 
the body, they actually originate elsewhere. 
The actual mode of migration is already 
discussed in the description of Hydra. The 
size of nematocysts varies greatly amongst 
the different groups. The largest nemato- 
cyst is found in Halistemma where the 
length of the capsule may reach 1-12 mm. 
As regards the actual mechanism of dis- 
charge of ncmatocyst thread, nothing de- 
finitely can be said. Any stimulus, whether 
chemical or mechanical, may cause violent 
expulsion of the ncmatocyst. Increased 
osmotic pressure in the capsule helps in 
discharging the thread tube out. The 
chemical nature of the substance ejected 
out from the nematocysts is also not pro- 
perly known. It is highly toxic and causes 
paralytic effects on ihe prey after injec- 
tion. Biochemical analysis of the extracts 
from the nematocysts of different coclen- 
terates showed that the anaesthising toxins, 
such as the fiypno toxin , thalassin , congest in 
etc., are present which are protein in 
nature. 

Gland cells are also quite abundant in 
the ectoderm. The basal disc region of 
Hydra is composed entirely of tall basal 
cells wlvch contain muscular extensions. 
In the sea-anemones the entire body 
contains gland cells amongst (he epithelio- 
muscular cells. They help in adhesion 
of the organism. 

Sensory cells in the form of slender, 
elongated bodies with one or two or more 
sensory motile bristles are quite abundant. 
Ectodermal nerve cells in the form of bi- 
polar or multipolar ganglionic cells are 
present in the ectodermal and mesogleai 
layers. 

• Another most vital ectodermal cell-type 
which plays the most significant role in 
the organisation of Cnidarians, is the 
Interstitial cell or Subepithelial cell. 
Like the amoebocyles or archaeocyies of 
sponges, the interstitial cells in cnidarians 
are perennial undifferentiated embryonic 
cells. They help in the production 
of nematocysts, formation of gametes 
and in the process of budding and 
regeneration. 
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Mesoglea. The consistency of this par- 
ticular layer in cnidarians varies greatly. 
In most hydrozoans, cellular elements are 
absent in it in the polyp stage but in the 
medusae some fibres of unknown origin 
are present. The scyphozoan medusae 
contain few scattered amoeboid cells and 
fibres in this intermediate layer. But in 
actinozoans the mesoglea is highly deve- 
loped with considerable thickness and 
contains distinct amoeboid cells and con- 
nective tissue fibres. Recent studies have 
shown that mesoglea of Hydra is composed 
of secretory collagenous element (connec- 
tive tissue). 

Endoderm. The endoderm is largely 
Composed of Nutridvemuscular cells. In 

some polypoid cnidarians, the nutritive- 
muscular cells contain contractile ex- 
tensions which run as circular muscles. 
But such contractile extensions arc lacking 
in medusae. The endoderm contains 
gland cells which secrete gastric juices. 
The nerve cells and sensory cells are 
present but in lesser number. Presence of 
symbiotic forms as ^oochlorellae in green 
Hydra and £ooxanthellae in some corals 
and anemones is also seen. 

SKELETON IN CNIDARIANS. The coral 
islands and the coral reefs are the 
secretory products of some skeleton form- 
ing cnidarians, especially the stony 
corals belonging to the order ATadreporaria . 
The corals exhibit extensive diversities in 
structure and form. They are composed 
of hard sleketon of calcium carbonate. 
Starting wi'h a very simple pattern, 
myraids of tiny creatures built up huge 
coral reefs or islands of various shapes 
and sizes. The calcareous skeleton 
is secreted by the calicoblastic. layer (modi- 
fied ectoderm) at the basal region of 
the polyp. The coral forming creatures 
resemble closely a hexamerous anemone, 
the pedal disc of which is occupied by the 
skeletal cup. 

Structure of coral. Coral is secreted 
by some coral -ormirig actinozoa. The 
skeleton of a solitary polyp is known as the 
corallite (Fig. 11.33) and many corallites 
combine to form the skeletal mass. The 
skeleton as a whole is known as the corallum. 
The structure of a corallum will be clear 
from the detailed structural organisation 
of a single corallite. 
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Structure of a corallite. Each 
corallite consists of a cup containing verti- 
cal ridges radiating from the centre to the 
periphery. The bottom of the cup beneath 
the polyp is designated as the basal plate . 



Fig. 1 1 .33. Structure of a corallite, Astroides. (After 
Kacstner). 


the last process is termed as the pseudo- 
columella. A secondary wall or epitheca 
may be formed outside the theca. The 
epitheca is separated from the theca by 
a space and this space is crossed by 
continuations of the sclerosepta called 
the costae. Small ridges called the pali 
are present between the columella and the 
main parts of the sclerosepta. There are 
horizontal plates between sclerosepta, 
which, when incomplete, arc called dis- 
sepiments and when complete, are known 
as tabulae . The sclerosepta are usually 
spiny. The sclerosepta present in a 
corallite are definitely related to septa and 
typically occur in hexamerous cycles: 6 
primaries, 6 secondaries, 12 tertiaries, 24 
quarternaries, etc. The sclerosepta are 
commonly endocoelic in origin. 

Types of coral. The classification of 
coral is unsatisfactory. Corals are divided 
into several types depending upon the 
habit or association and upon the struc- 
ture. 


The wall of the cup enclosing the aboral 
portion of the polyp is termed as the theca . 
The ridges of the cup are called the skeletal 
septa or sclerosepta. The formation of theca 
may be an independent process or may 
arise by the fusion of the outer ends of the 
sclerosepta and the theca thus formed are 
called the pseudotheca. The inner ends of the 
sclerosepta are fused to a central columnar 
skeletal mass, termed as the columella 
which may arise independently as the out- 
growth of the basal plate or may be formed 
by the union of the central ends of the 
sclerosepta. The columella formed by 


I. Solitary corals. The typical examples 
of the solitary corals are the Fungia , (Fig. 
11.34A), Flabellum , Caryophyllia , Balano - 
phyllia, etc. They are solitary corals 
having disc or cup or mushroorn-shaped 
corallites and measuring about 5 mm 
to 25 mm across. The corallites are 
often without a theca and lie loose on 
the bottom and remain attached by a 
stalk. They may reproduce by longi- 
tudinal fission or by budding from any 
part of the body surface. The sclerosepta 
of the buds are formed from those of the 
parent. 



Fig. 11.34. 'Different types of Anthozoan corals. (After Kacstner). A. Fungia (Mushroom coral). 
B. Meandrina (Brain coral). G. Tubipora (Organ pipe coral). 
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II. Colonial corals. The typical examples 
of the colonial corals are Oculina , Favia , 
Madrepora, Mearidrina, Tubipora, (Fig. 
11.34B, C), etc. Most of these corals are 
colonial and usually form low flat plates 
or spherical masses or cups or vases. They 
may be branched also. The branched 
forms have short stout or long slender bran- 
ches. The colonies are formed by asexual 
methods from a single sexually produced 
polyp. The colony is largely composed 
of calcareous secretion and the surface 
is only occupied by living individuals. 
The polyps constituting the colony may 
be widely separated from each other 
with separate theca or the thecae of the 
different polyps may fuse together to 
form a common wall. The polyps are 
usually small, varying from 1 mm to 3 
cm in length. The space between the 
thecae of coral colonics is occupied in liv- 
ing state by coenenchyme. 

On the basis of its structural organisa- 
tion, the cond; can be divided into three 
types : 

1. Imperforate or Aporose. These 
corals have compact thecae and sclero- 
septa. The loculi are usually separated 
off by dissepiments or synapticulac. The 
examples arc: Flabellidae, Turbinolidae, Ocu - 
linidae , Caryophyllidae, Faviidae. 

2. Perforate. The corallum is ex- 
tremely porous and is of loose construc- 
tion. The examples are: Eupsammidae , 
Acroporidae , Poritidac , Madrepora . 

3. Fungid. They may be eit her perforate 
or imperforate and have laminated septa 
joined by synapticulae. The corals be- 
longing to the family Fungiidae are includ- 
ed under this category. 

Formation of Coral. The actual 
method of secretion of coral and the subse- 
quent stage of formation are not very 
clearly understood. But the following 
account will give an idea about its 
formation. Secretion of coral does not 
commence until twelve primary mesen- 
teries are attained by the polyp. Secretion 
of calcareous materials which either 
immediately crystallise or crystallise by the 
interaction with chemical substances pre- 
sent in sea water, transforms into a calca- 
reous mass. The calicoblast layer forms 
minute nodules at the base of polyp. The 
nodules unite to form prototheca which 
becomes gradually thickened and later 


assumes a cup-shaped structure. At this 
stage the body- wall of the living polyp may 
or may not overflow the edge of prototheca. 
In the former case, the growth of the proto- 
theca is brought about by the calicoblasts. 
The cup is now called the theca and the 
overflowed tissue is called the episarc . The 
episarc of the primary zooid thus over- 
flowed on the substratum, gives rise 
to the successive layers of skeleton, called 
the “Coenenchyma”. By the process of 
asexual reproduction new zooids are 
developed near the primary one. The 
episarc, independent theca and septa are 
gradually formed in secondary zooids also. 
The skeleton of different zooids remains 
interconnected with the primary one. 
Many corallites constituting the corallum 
are formed. Separate film of skeletal 
material is formed outside the theca and 
this layer is called the epitheca. Six to 
twelve ectodermal infoldings are formed at 
the base of the polyp. Secretion of skeletal 
material in those grooves takes place and 
sclcrosepta are formed within the theca. 
Gradually the secondary and tertiary 
sclerosepta are developed in spaces bet- 
ween mesenteries and they alternate with 
the mesenteries. The edges of the theca be- 
come extended and the polyps disappear 
from the cup. The vertical space thus 
formed is filled with secretion which may 
be in the form of these plates. In many 
cases polyps may be connected by canals. 
The soft parts are washed away and the 
calcareous masses are left on the spot. 

Coral reefs. Corals in course of time 
form coral reefs and coral islands. Al- 
though the stony corals constitute the main 
bulk of the coral reefs, other organisms 
also contribute to the formation. To 
name a few, they are the coralline algae, 
foraminifera, some calcified alcyonarians, 
some alcyonaceans. In addition to these 
organisms, sponges, anemones, starfishes, 
sea urchins, crabs, some snails and bi- 
valves also take part in the process. 

Formation of coral reefs needs parti- 
cular environmental conditions. The reef- 
building corals require certain requisites 
for the formation of coral reefs. They re- 
quire warm and shallow water. Reef- 
building corals cannot Stand the tempera- 
ture below 18°C and they show flourishing 
growth above 22°C. The reef building 
corals are restricted in their vertical dis- 
tribution and they do not form reef below 
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fifty metres from the sea level. Another 
physical factor, light, is also very much 
essential. It has been shown experimen- 
tally that they fail to grow in shady places 
and may die if kept in total darkness. 
Below the depth of fifty metres corals are 
present but they do not form reefs, be- 
cause deep-sea forms are mainly the soli- 
tary corals. 

Coral reefs are usually divided into 
three primary types, the Fringing reefs , 
Barrier reefs and Atolls . Each type of the 
coral reefs has got some characteristic fea- 
tures. 

Fringing Reef. The fringing reef (Fig. 
11. 35 A) is extended from the shore up to 
400 metres and takes the contour of 
the shore. It has a reef edge, called the 
front where the most active coral growth 
occurs. Between the front and the shore 
there lies a more or less flat surface which 
is known as the reef flat. The fringing reef 
is largely composed of coral, sand, mud, 
dead coral and other debris. It is partly 
composed of coral colonies and other ani- 
mals. Fringing reef is cut by a narrow 
water channel (lagoon) and the depth of 
the water channel is 37 to 55 metres. 



tain conditions to form coral reefs. They 
do not grow well below 45 metres, they 
require optimum temperature and light. 
Many theories have been put forward to 
explain the formation of coral reefs. Some 
such theories are discussed below : 

Darwin-Dana Subsidence theory. This 
theory has its origin from the obser- 
vations of Darwin during his remarkable 
voyage in the ship, H.M.S. Beagle as a 
naturalist between 1831 and 1836. The 
theory states that from fringing reefs arise 
other types of coral reefs. Fringing reefs 
are formed on shores which are inclined 
downward. Sometimes the shore between 
the developing fringing reef and the land 
mass sinks. The fringing reef thus turns 
into a barrier reef The barrier reef and the 
main land mass always have sea water 
between them. In case the main land 
mass is an island and it itself subsides 
completely under water, the reef turns 
into an atoll. 

Semper-Murray Solution theory. After ex- 
ploring the conditions of life in the sea, 
Sir John Murray advanced the view that 
corals grow on the highest peaks of the 
ocean bottom. The deposition of sedi- 



Fig. 1 1.35. A. Fringing reef. B. Atoll. 


Barrier Reef. The typical example of the 
barrier reef is the Great Barrier Reef of 
the northern coast of Australia. It re- 
sembles the fringing coral reef, but it 
follows the contour of the shore less regu- 
larly. The reef flat is separated from the 
shore by a lagoon of 90 to 1 10 metres deep. 

AtolL The atoll (Fig. 11.35B) is more or 
less circular or horse-shoe-shaped reef and 
encloses a lagoon which varies from a few 
kilometres to 64-80 kilometres across. The 
depth of the lagoon is 37 to 55 metres. 
The lagoon usually contains inner islands 
and reef. 

Views regarding coral reef forma- 
don. The reef-building corals obey cer- 


ments brings them to an optimum level. 
The barrier reefs and atolls arc produced 
by the better growth of the corals in the 
edges of the coral deposition and by the 
solution of its inner part. 

Submerged Bank theory, 'j’his concept is 
supported by many investigators of the 
present time. According to this theory 
the coral reefs are formed On flat surfaces 
which at first remain in lessor depths. Such 
surfaces with growing reefs later on sub- 
merge slowly and go down to greater 
depths. This theory denies the transition 
of one common type of reef into different 
types. It advocates an independent origin 
of different types of reefs. Further, 
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regarding the shape of the atoll, it lays 
importance on the winds and water 
currents. 

Daly Glacial-control theory. This theory 
advocates that during the last glacial 
period, formation of ice caps lowered the 
level of water of the ocean. At that time 
extreme cold temperature prevailed. Sub- 
sequently the ice melted and the tem- 


perature rose. The corals began to grow 
upon the flat platform of the ocean 
bottom and kept pace with the rising level 
of the ocean. The support to the Daly 
Glacial-control theory was given by cal- 
culating that almost all the existing coral 
reefs had been formed since the Ice-age. 

As regards the formation of atolls, Huxley 
and Wells have put forward the view 



Fig. 11.36. Diagrammatic representation (sectional view) explaining various theories regarding coral 
reef formation. 

A. Darwin-Dana Subsidence theory — a. Beginning of reef formation (GR) at shallow depth, b. Inclined 
part of the shore subsides (indicated by numbers) am ihe corals grow to form barrier reef (BR). c. Show- 
ing the extreme result of such subsidence. When coral reef grows in a horse-shoe or circular shape around 
the completely subsided land mass, an atoll is formed. 

B. Submerged Bank theory— a. Beginning of a coral reef in the ocean bottom, b. The ocean bottom sub- 
merges gradually and the reef grows upwards. 

G. Semper- Murray Solution theory — a. Initiation of coral reef on the elevated part of ocean bottom, b. Depo- 
sition of sediments (S), i.e. salts, clay, etc., on the reef. c. The reef reaches the surface and its central part 
dissolves (di) to form lagoon and the margin thickens. 

D. Daly Glacial-control theory — a. Glaciation reduced the height of the ocean by withdrawing water to 
form ice caps (No. 5 indicates former height and No. 1 is the height after withdrawal). Coral reefs started 
to form at that time in the shallow depth, b. As the ice melted, the level of water rose along with the 
growth of the coral reef. 
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that atolls might have come into existence 
in other ways. From the geological point 
of view, submarine eruptions are quite 
frequent in the ocean bottom. By such 
catastrophe, volcanic cones were raised 
above the sea level and the erosive action 
of the sea waves became so severe that 
their tops were eventually smoothed off 
to provide an ideal platform for the future 
atoll. 

Despite great controversies regarding 
the origin of coral reefs, the most obvious 
conclusion that may be drawn is that the 
coral reefs of the present day grew on sub- 
merged land. This contention is attested by 
evidences from different angles. The rate of 
coral growth is of much importance for the 
explanation of the theories on this line. 
But the observations showed that the 
growth of coral is extremely variable. 

In spite of all controversies it cannot 
be denied that the coral and the coral 
reefs played great and significant role in 
geological history. They protect the coast 
from the erosive actions of the sea waves. 

PHYLOGENETIC RELATIONSHIPS OF 
THE CNIDARIANS. The following account 
will give an outline idea about the 
interrelationships between the different 
classes of the phylum Cnidaria. Glass 
Hydrozoa represents the most primitive 
forms amongst the Gnidarians. The lowest 
hydrozoan form is exhibited by Hydra 
and the hydrula stage of some Hydrozoa. 
The relationship between Hydrozoa and 
Scyphozoa is not very clear. Iri spite of 
this, it can be suggested that they have 
been derived from a common trachyline 
stem. Some of the scyphozoan charac- 
teristics, such as the marginal notches, 
gastric pouches, tentaculocysts, etc., have 
already been evolved in the Narcomedusae 
of class Hydrozoa. Nausithoe , belonging 
to the order Goronatae possesses a 
branched larval form which resembles 
a hydroid colony very closely. . After 
their origin from the common stem, 
the hydrozoans and the scyphozoans have 
diverged greatly and the changes under- 
gone by the scyphozoan ‘polyp* ( Scyphis - 
toma) are the formation of mesenteries, 

? gastric tentacles, etc., which are primarily 
or increasing the digestive surfaces in the 
coelenteron. Amongst the scyphozoans, 
the Stauromedusae, for its polypoid charac- 
teristics and lack of tentaculocysts, are long 
being regarded as the ancestors of the 


other scyphozoans form. But this seems 
to be improbable if we consider the 
coelenterate stem to be a medusa. It is 
attested by many that the Stauromedusae 
represent a post-larval stage. They are 
not in the direct line of Scyphozoan 
evolution but lie very close to that line. 
Cubomedusae are the most primitive forms 
existing amongst the scyphozoans. To 
correlate them with higher order leads 
into difficulties, because its developmental 
dynamics are not fully known. The 
Goronatae , with all possibilities, are very 
near to the direct line of the scyphozoan 
ascent. 

The Actinozoans lack medusoid stage 
and the polypoid stage reaches its climax. 
The similarities of the Scyphistoma larva 
and the actinozoan polyp establish a 
common origin of the Scyphozoa and 
the Actinozoa. The similarities are : 

1. Gastric tentacles of Scyphistoma cor- 
respond to the mesenteric filaments of 
Actinozoa. 

2. Gonads are endodcrmal in origin. 

3. Septa have retractor muscles. 

But difficulties in such assumption lie in 
the absence of stomodaeum in Scyphis- 
toma and the symmetry of body forms 
(tetramcrous symmetry in Scyphistoma 
and the octomerous bilateral symmetry in 
Actinozoa). It can best be suggested that 
the Scyphistoma and the ancestral form of 
Actinozoa have undergone parallel evolu- 
tion after their origin from a remote 
common ancestor. Of the actinozoans, 
three distinct evolutionary lines are re- 
cognisable : 

1. The antipatharian-cerianthid line . It con- 
stitutes the most primitive living groups 
of Actinozoa. They possess simpler orien- 
tation of septa and tentacles and have ill- 
developed mesoglea. 

2. The alcyonarians or ocfocoralline line. 
According to Hyman, octdcorallines and 
hcxacorallines probably hid a common 
ancestry. The ancestor was| a small polyp 
with eight tentacles and poc|r musculature. 

3. The zooanthid-anemone or hexacorralline 
line. The presence of Edzvar&sia stage in all 
the members of this group- indicates that 
a form like this was probably the ancestor. 
It was devoid of basilar, sphincter and 
retractor muscles, but had “complete 
ectodermal muscle layer’* as quoted by 
Hyman. 
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The tendencies to form colony and ske- 
leton have evolved independently amongst 
different members of Actinozoa and as 
such they have little phylogenetic signifi- 
cance. 

WHY ARE THE CNTOARIANS GIVEN A 
PHYLETIC STATUS? 

Many Zoologists still combine the cnida- 
rians -and the ctenophores under a com- 
mon phylum — the Phylum Goelenterata. 
Both the cnidarians and ctenophores 
have many common characteristics, of 


which the coelenteron or enteric cavity 
is noteworthy. Both of them stand at 
a low level of metazoan organisation 
with a distinct radial symmetry. This 
symmetry becomes markedly biradial in 
some cases. But the recent workers on this 
line advocate the splitting of the original 
phylum Goelenterata into two distinct and 
separate phyla — Phylum Cnidaria (inclu- 
ding the idealised diploblastic ncmatocyst 
bearing coelentcrates) and Phylum Ctenop- 
hora (including the triploblastic coclente- 
rates without nematocysts). 


SUMMARY 


1. Members included in this phylum show the 
humble beginning of tissue-grade of organisation. 

2. All members are strictly aquatic and most of 
them are marine. 

3. Adults exist cither in polyp or medusa forms. 

4. Many members of tin’s group exhibit “Poly- 
morphism”. 


5. A single aperture, i.e. mouth is present. 

6. Cnidoblasts arc monopoly of this phylum. 

7. Extracellular digestion is followed by intra- 
cellular digestion in this group. 

8. Many members are instrumental in the for- 
mation cf coral islands. 



CHAPTER 12 

Phylum Ctenophora 

In the history of metazoan evolution, the ctenophores stand a step ahead of the 
cnidarian coelenterates by having a low grade triploblastic construction. Like the 
cnidarian coelenterates, they possess radial symmetry (Fig. 12.1) and coelenteron 
but lack the definite organ systems. But the presence of eight meridional comb-plates, 
collenchyme Containing amoebocytes, connective tissue fibres, muscle cells developing 
directly from the mesenchymal cells between the ectoderm and endoderm; advanced 
condition of the digestive system and the presence of an aboral specialised sense organ 
indicate a higher grade than that of other cnidarians. 



Fig. 12.1. Aboral view of a typical ctenophore 
showing radial symmetry and eight comb-platcs. 


IMPORTANT FEATURES 

The phylum Ctenophora derives its 
name from two Greek words, Ktenos = 
comb + photos bearing. This phylum 
includes about 80 species of ctenophores. 
They are characterised by having: (1) 
Biradially (radial + bilateral) sym- 
metrical body without nematocysts. (2) A 
gelatinous cctomesoderm containing me- 
senchymal muscle cells. (3) Eight meridio- 
nal rows of ciliary plates are present. 
(4) A specialised aboral sensory organ 
is present. (5) There are peculiar adhesive 
cells in the tentacles. (6) Skeleton is lack- 
ing. (7) Development is of mosaic type 
and a distinctive cydippid larva Secure in 
the life-cycle. (8) They are exclusively 
marine and are planktonic in habit. 

OUTLINE CLASSIFICATION 

The phylum Ctenophora is divided into 
two unequal classes: Tentaculata and jfuda. 
The class Tentaculata includes 4 orders: 
(1) Cydippida , (2) Ij)bata , (3) Cestida and 
(4) Platyctenea. The class Nuda has only 
one order: Beroida. 


Example of the Phylum Ctenophora — 

IIORM I PH ORA 

The basic planoftfie ctenophores can be 
best illustrated with reference to the gene- 
ralised genus, Hormiphora . Hormiphora plu - 
mosa is found in the Mediterranean. Its 
closely allied genus, Pleurobrachia is found 
all over the world as a common pelagic 
form. In the present text the genus Hormi- 
phora is described as a typical representa- 
tive of the phylum. It is a typical example 
of Ctenophora which includes variety of 
forms. Due to diverse adaptive radiation, 
the different members of j this group ex- 
hibit wide structural variations. Despite 
such diversities, the basjc organisation 
remains the same in all tlic cases. All the 
ctenophores have transparent gelatinous 
bodies and are commomy known as 
“Comb-jellies” because of] the presence of 
comb-like plates on the body. These plates 
are of paramount significance because the 
phylum owes its name to these structures. 

Structure. Hormiphora has a pear- 
shaped body measuring 5-20 mm in 
diameter (Fig. 12.2A). They are pelagic 
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and are found in the Mediterra- 
nean sea. Mouth is situated at the centre 
of the oral pole and the opposite pole is 
occupied by a complicated and charac- 
teristic sense organ usually designated as 
the aboral sense organ. This sense organ is 
a modified statocyst and acts as an organ 
of equilibrium (Fig. 12.2B). The sense 


The tentacles are composed of a central 
core which remains covered by ectoderm 
consisting largely of adhesive cells, called 
colloblasts (Fig. 12.3A). 

Each colloblast develops from a single 
cell with its nucleus modified into straight 
filament. The colloblast has a dorsal 
convex surface and contains numerous 




infundibular canal 


perradial canal 

/ 
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tentacular sheath 
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Fig. 12.2. A. External view o iHormiphora from a side. B. Diagrammatic view of Hormiphora 
showing inner details, (after various sources). 


organ which is enclosed within a trans- 
verse dome bears a concavity or depres- 
sion which is internally lined sitli tall- 
ciliated ectodermal cells. Four very long S- 
shaped tufts of cilia ( balancers or springs) arc 
inter-radially located and arranged at equal 
distance within the depression. Two slen- 
der ciliated areas, called the polar plates 
are transversely arranged within the dep- 
ression. The balancers project upward 
and meet to support a rounded mass of 
calcareous spherules ( statolith ). A pair of 
ciliated furrows pass to swimming plates 
from the base of each balancer. 

The surface bears eight equidistant 
meridional swimming-plates or costae or 
comb-ribs each of which is composed of 
transverse row of long cilia. A pair of very 
extensible, long and solid tentacles bear- 
ing a row of lateral branches are present 
on the two sides of the broader end. The 
bases of these two tentacles are encased by 
sheath within which they can be retracted. 


small papillae which can adhere to any 
object. The inner side is produced into a 
spirally coiled filament around the straight 
nuclear filament. These filaments extend 
up to the muscular axis of the tentacle. 

Histology. Ectodermal cells are cuboi- 
dal or columnar in shape and are ciliated 
in certain regions. These cells are inters- 
persed with numerous gland cells and 
sometimes certain pigment granules or 
branched pigment cells ( melanophores ) are 
also present. The sensory cells are of two 
types (Fig. 12.3C) : 

(*) One type bears several stiff bristles 
and 

(«) the other type is with a single stout 
bristle. 

The so-called mesoglea is designated as 
the collenchyma. The collenchyma is 
interpreted as the ectomesoderm and con- 
sists of a gelatinous substratum containing 
cells, connective-tissue fibres and muscle 
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fibres. All these components are ecto- 
dermal in origin, except the muscle fibres 
which are independent cells arising by the 
direct conversion of the amoeboid cells. 
The muscles are elongated smooth fibres 
disposed longitudinally and circularly. 


two ad-radial canals. Each ad-radial canal 
opens within a meridional canal which 
runs beneath the comb-plate. 

Nervous system. The nervous system 
is much diffused and consists of a general 
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Fig. 12.3. A. Single colloblast of Hormiphora, (after Parker andHaswell). B. Statocyst of 
Hormiphora. (after Parker and Haswell) . G. Sensory cells of Hormiphora ( 1 ) With single bristle, 
(2) With many bristles, (after Hyman). 


Gastrovascular or Enteric system. 

The mouth leads into pharynx or stomo - 
datum which has internal ridges. The 
stomodaeum opens into a cavity known 
as the stomach or infundibulum from which 
arises the following canals of the coelen- 
teron (Fig. 12.2B). 

Infundibular canal. It runs upwards 
up to the aboral pole where it breaks into 
four small branches of which two open on 
the surface by the excretory pores and 
the other two are blind. 

Per-radial canal. Two canals, one in 
each direction, extend along the transverse 
plane of the body. Each per-radial canal 
sends (a) one stomodaeal canal along the 
stomodaeum, (6) one tentacular canal in the 
tentacle and then divides into (c) two inter- 
radial canals y each of which subdivides into 


subepithelial nerve plexus with multi- 
polar ganglionic cells and neurites 
throughout the surface. 

Reproductive system. Both sexes are 
present in one individual. Gonads are 
situated in the wall of the meridional ca- 
nals as continuous or discontinuous bands. 
Originating from the endodertfi, the mat- 
ured garnets are discharge^ into the 
canals and finally escape through mouth. 
Fertilisation is external. 

Development. Developmental history 
of Hormiphora is not well kndwn but the 
following events as observed in other forms 
of Gtenophora (particularly in Callianira) 
will give the idea of development (Fig. 
12,4). 

Zygote gives rise to four blastomeres by 
two meridional cleavages (Fig. 12.4A). 




PHYLUM CTENOPHOHA 


219 


The third cleavage is nearly vertical, 
resulting in a curved plate of eight cells, 
arranged in two rows (Fig. 12.4B). The 



eight blastomeres divide twice along the 
horizontal plane and give rise in each time 
eight small cells ( micromeres ) and eight 
larger cells ( macromeres ) (Fig. 12.4C). The 
micromeres are the source of ectoderm and 
the micromeres give rise to endoderm in 
due course. Micromeres undergo rapid 
division and proliferate as a wreath of 
smalls cells over the macromeres which 
ultimately grow down as a one-layered 
sheet. Invagination starts and gastrula- 
tion goes on by combined processes of 
emboly and epiboly (Fig. 12.4E). Micro- 
meres cover the embryo to become the 
ectoderm (Fig. 12.4F), four interradial 
bands of small rapidly dividing cells 
become noticeable which differentiate 
into comb-rows. Ectoderm at the oral 
pole invaginates extensively to form stomo- 
daeum from which gastrovascular cavity 
arises by active endodermal outgrowth. 
Biradial symmetry persists throughout the 
development. 


CLASSIFICATION 

The phylum Gtenophora is classified 
into two classes: Tentaculata (Micro- 
pharyngea) and Nuda (macropharyngea) . 
The scheme of classification is based on the 
plan outlined by L. H. Hyman in her book 
“The Invertebrates: Protozoa through 
Ctenophora”, Vol. I. 

CLASSIFICATION IN OUTLINES 

Phylum Gtenophora 
Class : Tentaculata or Micropharyngea 

Order 1 : Cydippida , e.g. Hormiphora , 
Pleurobrachia . 

Order 2: Lobata> e.g. Deiopea . 

Order 3: Cestida , e.g. Cestus. 

Order 4: Platyctenea , e.g. Gtenophora^ 
Tjaljietta. 

Class: Nuda (Macropharyngea) 

Order 1 : Beroida, e.g. Beroe . 

CLASSIFICATION WITH CHARACTERS 
Phylum Gtenophora 

The phylum includes the pelagic cteno- 
phores having no polyp stage. The cilia 
are retained throughout life as the loco- 
motor organs. Presence of eight meri- 
dional comb-plates, an aboral sense organ, 
colloblasts and mesenchymal muscle cells 
are some of the peculiar features. The 
phylum embraces two classes: 
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Glass: Tentaculata or Micropharyn- 

The members of this class possess ten- 
tacles which are usually two in number. 
The class is divided into four orders : 

Order 1 : Cydippida ( Cydippidea or 
Cydippea) 

The body is round or oval in form. 
Two branched tentacles retractile 
into sheaths are present. The meri- 
dional canals are unbranched. Exam- 
ples: Hormiphora and Pleurobrachia , 
Lampetia , Callianira. 

Order 2 : Lobata 

The bases of the two principal ten- 
tacles are devoid of sheath and nume- 
rous non-retractile lateral tentacles 
are present. Two very large oral lobes 
are present. Examples: Deiopea , Bolina, 
Leucolhea. 

Order 3: Cestida ( Cestoidea or Cestidea) 



Fig. 12.5. Beroe. An example of Ctenophora. Note 
that tentacles are absent. 


The body is extremely compressed in 
the sagittal plane to form a band-like 
appearance. Four of the eight meridi- 
onal comb-plates are rudimentary. 
The two main tentacles are reduced. 
Examples: Cestus , Velarr^en. 

Order 4: Platyctenea 
The body is flattened and is modified 
for creeping movement. The comb- 
plates are restricted only in the larval 
stage. Examples: Ctenoplana , Tjalfiella , 
Coeloplana . 

Class: Nuda or Macropharyngea 

The representative of this class lacks ten- 
tacles. This class includes only one order. 

Order 1 : Beroida 

The mouth is very wide and the gullet 
occupies the greater portion of the 
interior of the body. The meridional 
canals are produced into a complex 
system of anastomosing branches. The 
sole genus of the order is Beroe (Fig. 
12.5). Beroe is available in all seas 
and measures about 20 cm. in height. 

GENERAL NOTES ON 
CTENOPHORA 

HISTORY. The ctenophores are re- 
cognised since 1671. Linnaeus placed 
two ctenophores under his group %oophyta. 
Eschscholtz (1829) was the first Zoologist 
to recognise the group Ctenophora. Since 
then the ctenophores were included under 
the phylum Goelenterata along with cchi- 
noderms and sponges. Leuckart (1847- 
1848) separated the coclenterates from the 
echinoderms but the sponges and cteno- 
phores were included under it. Vasmaer 
(1877) separated the sponges from the 
Coclenterates. Since Vasmaer it was the 
usual convention to include the Cteno- 
phores under the so-called phylum Coe- 
lenterata. Hatschek (1889) removed the 
ctenophores and placed thqm under a 
separate phylum Ctenophora . ] 

AFFINITIES AND SYSTEMATIC: POSITION 

OF CTENOPHORA \ 

In the field of taxononfric zoology, 
Ctenophora, for a long timc$ occupies a 
very important place. The: importance 
is primarily due to its peculiar anatomical 
organisation. Martens (1671) first disco- 
vered Ctenophora. Leuckart (1847-1848) 
included the sponges amongst the cteno- 
phores. But Hatschek (1889) gave a 
separate status to ctenophores as a group. 
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The ctenophores bear many characters 
of the Cnidarians, but it differs consi- 
derably from the other members of the 
phylum Cnidaria. This group has also 
some similar features with different animals 
of diverse phyla, which will be discussed 
here to judge its systematic position. 
Following features include them within 
phylum Cnidaria: 

Cnidarian features 

1. Possession of basic radial symmetry. 

2. Lack of coelom. 

3. Presence of gelatinous mesoglea. 

4. Presence of ramified coelentcron. 

5. Presence of diffused nerve net work. 

6. Presence of statocyst as sense organ. 

7. Absence of organ systems. 

8. Different parts of the body arc 
arranged along an oral-aboral axis. 

But the Ctenophora differs widely from 
the cnidarians by the possession of meri- 
dional comb-plates, lack of neinatocysts, 
possession of adhesive cells (colloblasts), 
higher and complicated organization of 
the digestive system, determinate type of 
development, direct development of mus- 
cle cells from the mesenchyme and reten- 
tion of cilia as locomotor organs in adult. 

Relationship with Hydrozoa 

With Ctenaria (Anthomedusa) 

Similar features 

(1) Presence of two tentacles, situated 
at opposite per radii, each is provided with 
a deep pouch at its base, resembling closely 
the tentacular sheath of Hormiphora. 

(2) Presence of eight radial canals formed 
by the bifurcation of four inter-radial 
pouches of the stomach. (3) The subum- 
brellar cavity of the Ctenaria can be 
homologised with the stomodaeum of 
Hormiphora. 

Dissimilar features 

(1) The gullet of Ctenophora is ecto- 
dermal in origin. 

(2) The tentacles of Ctenaria have no 
muscular base. 

(3) The development of gonad is diff- 
erent. The gonads develop from manu- 
brium in Ctenaria but in Ctenophora 
gonads develop from meridional canals. 

(4) Absence of the characteristic aboral 
sense organ in Ctenaria. 

With Hydroctena (Narcomedusa) . 
Hydroctena , a trachyline medusa, shows 
close resemblances with Ctenophora. 


The resemblances are: 

(1) Possession of two tentacles with 
sheath located between the margin and 
apex of the bell. 

(2) Presence of aboral sense organ in 
Hydroctena can be compared with that 
of Ctenophora. 

But the presence of swimming-plates in 
Ctenophora and the presence of velum in 
Hydi octena remain as important diffe- 
rences to visualise a close relation among 
them. 

Relationship with Actinozoa 

Actinozoa exhibits some resemblances 
with the ctenophores. Transverse sections 
of the embryos in both of them are similar. 
The stomodaeum in both can be homolo- 
gised, the gonads are endodcrmal in origin 
and the mesoglea is cellular in both. But 
the presence of aboral sense organ in 
Ctenophora arid the presence of hollow 
tentacles in Actinozoa are the principal 
differences existing between them. So due 
to the presence of vast structural diversities 
between them, no relationship can be 
advocated though it was greatly empha- 
sised by T. H. Huxley. 

Relationship with Scyphozoa 

The scyphozoans have long been looked 
upon as to be related to Ctenophora. Be- 
cause in both of them the following features 
are common: (1) The stomodaeum is 
similar. (2) Gametes arc endodermal in 
origin. (3) Coelentcron is four-lobed. But 
due to the presence of four characteristic 
oral arms, numerous marginal tentacles 
and the absence of meridional comb-plates 
in Scyphozoa, the aforesaid homologies 
cannot be established. 

Relationship with Sponges 

Many authors tried to establish the 
sponges as to be closely related to Gteno- 
phora. They put forward the following 
points to support their contentions: 

(1) The large central cavity and the 
osculum of sponges correspond to the 
coelenteron and mouth of Ctenophora 
respectively. 

(2) Absence of we 11 -formed mesoderm 
in both. 

(3) Simpler organisation in both. 

But closer examination reveals that these 
two groups arc quite widely apart. The 
points of differences are: 

(1) Developmental^ the osculum of 
sponges does in no way correspond to the 
mouth of Ctenophora. 
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(2) Presence of inhalant pores and pecu- 
liar collar cells in sponges are lacking in 
Gtenophora. 

(3) Absence of colloblasts in sponges. 

(4) Absence of specialised nervous and 
sensory structures in sponges. 

The above differences are sufficient to 
separate the two groups from each other, 
though the above relationship is empha- 
sised by Leuckart and some other authors. 

Relationship with Platyhelminthes 

The idea that Gtenophora gave rise to 
certain bilateria (Polyclad) has been sup- 
ported by many Zoologists. Platyctenea has 
been considered to be a connecting link 
between Gtenophora and the bilateria. 
Besides, Gtenophora in general shows 
many structural similarities with the 
Platyhelminthes and particularly with the 
Turbellarians. The similarities are : 

(1) General ciliation of the body. 

(2) The dorsal polar nerve of Turbellaria 
can be compared with the statocyst of 
Gtenophora. 

(3) Origin of the so-called mesoderm is 
more or less similar. 

(4) Primary locomotor organs in the 
larva (Muller’s larva) consist of eight 
ciliated ridges of ectoderm which can be 
compared with the Gtenophoran meridio- 
nal comb-plates. 

(5) Gtenophora exhibits both radial as 
well as bilateral symmetries. 

The view that the primitive bilateria 
have evolved through Platyctenea has not 
been accepted. Because a thorough exa- 
mination of the Platyctenea reveals that it 
is a ctenophore which has become extensi- 
vely modified for sessile habits. It can fur- 
ther be suggested that Platyctenea is a 
tissue-grade diploblastic animal, whereas 
Polyclad is an organ-grade triploblastic 
form. Further, it can be said that amongst 
the Platyhelminthes, the Acoela is the most 


primitive group and not the Polyclads. 
The Gtenophora, on the other hand, shows 
no close similarity with the Acoela. 

Relationship with Nemertines 

The larval form of Nemertine {Pilidium 
larva) shows some similarities with cteno- 
phores. In Pilidium larva locomotion is 
performed by lobed bands of cilia. The 
aboral end on the body contains a cup- 
like sense organ. But these similarities are 
of no use as the anatomical organisation in 
both shows many diversities. Ctenophores 
lack mesoderm proper. Paired tentacles 
with basal musculature are present in 
Gtenophora. The aboral sense organ in 
both differs widely. The similarities may 
best be explained as to be due to dis- 
tant convergence and perhaps with no 
phylogenetic significance. 

Phylogenetic status 

The proper status of Gtenophora still 
remains uncertain and offers a problem for 
further studies. It is now more or less uni- 
versally accepted that the group separated 
out very early from the “trachyline stem” 
at the time when other groups of the cni- 
darians originated. It cannot, however, be 
denied that the Ctenophora presents certain 
structural features which resemble more to 
the forms with bilateral symmetry. Consi- 
dering all the features of ctdTlophores, it has 
now been proposed to treat these coelente- 
rate-like animals under a separate phylum. 
As regards the relationships of different 
groups of Ctenophora, it can be suggested 
that both Cestidea and Lobata have been 
derived from Gydippid-like forms because 
during development both of them pass 
through a stage closely resembling the Cydi - 
ppidea .. Beroidea is a highly organised form 
which may have arisen from some tcntacu- 
late form. Regarding Platyctenea, whether 
they are primitive forms or specially modi- 
fied is a question yet to be answered. 


SUMMARY 


1. The ctenophores arc characterised by having 
biradially symmetrical bodies, eight meridional 
comb-plates on the body, mesenchymal muscles, 
an aboral sense organ and adhesive cells. 

2. The ctenophores were included with the 
nematocyst bearing coeLcnterates under a common 
phylum Goclentcrata by older zoologists because 
of presence of coelenteron. But the recent trend 
has given the ctenophores a separate phyletic status. 

3. The phylum ctenophora includes about 80 


species which are categorised ii$to two unequal 
classes — Tentaculata and Nuda. The Tcntaculata 
comprises of 4 orders: Cydippida, Lobata, Cestida and 
platyctenea . The class Nuda includes a single order: 
Beroida. The examples of the phylum are: Pleura - 
brachia, Bolinopsis , Cestus, Ctenoplana, Beroe , etc. 

4. The phylogenetic status of Ctenophora is 
controversial. They have possibly diverged from the 
early trachyline stem form which holds the ancestry 
of Cnidarians. 



CHAPTER 13 


Phylum Platyhelminthes 

Multicellular condition has given rise to a two-layered orientation. In cnidarians 
the body is made up of different types of cells oriented in two distinct layers, 
the ectoderm and endoderm separated by a non-cellular partition — the mesoglea. 
In cnidarians there is cell-specialisation but further histological differentiation is 
lacking. The evolution of a third layer of cells, mesoderm , between ectoderm and 
endoderm has opened up further possibilities of increase in size and structural com- 
plexities. Animals built on this three-layered foundation have been designated as 
Triploblastica (Fig. 13.1). Even the simpler triploblasts, like Platyhelminthes show 
evolutionary achievements over the diploblasts in having definite organs or systems of 
organs which are concentrated and localised in definite regions of the body. 



IMPORTANT FEATURES 

1. Platyhelminthes are flat, triploblas- 
tic, acoclomate and bilaterally symmetrical 
animals. 2. Metameric segmentation and 
skeletal structures, in any form, are absent. 
3. Definite anus, circulatory and respira- 
tory organs are also absent. 4. Differen- 
tiation of the anterior end as head in 
them is a foreshadow of the things to come. 
5. Body space in them is packed with 
parenchyma. 6. Majority of platyhel- 
minthes are internal or external parasites 
in other higher animals, while many are 
free-living. 7. Platyhelminthes present a 
simpler type of triploblastic organisation. 
Here mesoderm is not splitted into somatic 
and splanchnic layers. Mesoderm gives rise 
to muscular and reproductive systems and 


produces, a special kind of tissue, paren- 
chyma, to fill up the body space. 

CLASSIFICATION IN OUTLINES 

Phylum Platyhelminthes includes three 
classes, Turbellaria , Trematoda and Cestoda . 
The turbellaria includes most of the free- 
living flatworms, while trematoda and 
cestoda cover important parasitic forms. 

Example of the Phylum Platyhelmin- 
thes— PLAKARIA (DUGESIA) 

Habit and Habitat. Planaria is a 
member of the class Turbellaria and is free- 
living, Planarians are inhabitants of cool, 
clear and permanent water and cling to 
the undersurfaces of leaves, logs, rocks sub- 
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merged in streams, ponds and lakes. They 
live in damp surroundings as their bodies 
are not protected against dcssication. They 
always avoid light and rest on the under- 
surfaces of objects during daytime either 
singly or in groups. After dark they be- 



Fig. 13.2. External features of Planaria (after 
Bloom and Krekeler). 

A. Dorsal view. B. Ventral view. Note that 
pharynx is shown in everted condition as 
proboscis. 


come active. The distribution of Planaria 
is world-wide. 

Structures. A full grown Planaria is 
under 50 mm in length. Body is flattened, 
thin, leaf-like and oval in outline (Fig. 
13.2). They exhibit bilateral symmetry 
and polarity is well-marked. There is no 
well-formed “Head” but a definite anterior 
end with organs of special sense is recog- 
nised. The anterior end is always directed 
forward in the direction of movement and 
it is broader than the other end, i.e. the 
posterior. The body surface next to the sub- 
stratum during locomotion is the ventral 
side and the uppermost surface is dorsal 
side. The anterior region is triangular with 
small lateral projections and bears a pair 
of black eye spots on the mid-dorsal line. 
Auricular organs are lodged in these pro- 
jections. The mouth is situated in the 
mid-ventral surface. Sexually mature 
worms have a single genital aperture 
situated below the mouth. Excretory 
apertures are minute and situated on the 
dorsal surface. The colour, though 
variable in different species, is usually 
grey, red, brown or black. 

Body wall. The outer covering of the 
body is epidermis which is ciliated on the 
ventral surface and contains many scatte- 
red sensory and gland cells 1 (Fig. 13.3). In 
the epidermis there are many rod-shaped 
hyaline structures called rhabdites. The 
rhabdites, when discharged come in con- 
tact with water swell, stick together and 
form a froth. The exact role of the rhabdites 
is not known and it is presumed that they 
help in capturing food particles and also 
render protection to the body. Just beneath 
the epidermis there is a thin basal mem - 
j brane which serves as a partition between 



Fig. 13.3. Transverse section of Planaria passing through epipharyngeal region. 
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epidermis and underlying muscle layers. 
The basal membrane is stratified and 
bears pigments below. Beneath the basal 
membrane the muscle fibres are arranged 
in two layers. The fibres of the outer 
layer are arranged in a circular manner 
around the body and are called circular 
muscles while the inner fibres lie parallel 
to the longitudinal axis of the body and 
are called longitudinal muscles . In addition, 
a third layer of oblique fibres arranged 
in vertical fashion is also encountered. 
The longitudinal muscles of the ventral 
side are more strongly developed than their 
counterparts on the dorsal side. Lying 
between the gut and muscular layers of 
the body wall is the parenchymatoiLs tissue. 
These are loose connective-tissue cells, 
parts of which remain in formative state 
and can metamorphose into specialised 
cells. They help in regenerating lost or 
damaged body parts. They also under- 
take vascular function by conducting food 
and other metabolic products from one 
part of the body to another part. Em- 
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bedded in the parenchyma there are 
many gland cells . 

Locomotion. Planaria lives in water, 
but it does not swim. Locomotion 
is performed usually by gliding (Fig. 
13.4A). During gliding, the anterior end 
remains forward and slightly raised. The 
backward stroke of the cilia on the ventral 
surface helps the animal to move forward 
over a slime track. The slirne track is 
produced by r the secretion of glands in the 
body wall. Sometimes the animal also 
crawls. This is performed by muscular 
movements. Contraction of circular and 
dorso-ventral or oblique muscles causes 
elongation of the body. The anterior end 
is then fixed firmly on the substratum by 
mucus and the posterior part is drawn up 
by the contraction of longitudinal muscles. 
Turning and twisting movements are also 
shown by planarians. This is done by 
different action of total muscle groups. 

Digestive system. The digestive sys- 
tem consists of well-developed alimentary 
canal with only one opening called mouth 
(Fig. 13.2B). The mouth is situated in 
the mid-ventral line of the body and 
leads through a small buccal cavity into 
the pharynx which is cylindrical, mus- 
cular and thick- walled (Fig. 13.5A). The 
pharynx can be everted as a proboscis and 
can be extended to some length. In re- 
. tracted condition the pharynx remains 
enclosed in a muscular sheath. The 
pharynx opens into the intestine. The intes- 
tine is divided into three main branches. 
One of these branches runs forward along 
the middle line and the other two run 
backwards. Each of those main branches 
gives off lateral ramifying branches and as 
a result, the whole intestine forms a net- 
work occupying the major part within the 
body. All the branches end blindly and 
there is no anal aperture . Columnar epithelial 
cells line the inner walls of the intestine. 
The histological structure of the pharynx 
is interesting. It is lined with the nucleated 
oarts of the ciliated epithelial cells of the 
body wall. These nucleated parts invagi- 
nate through the basal membrane and 
muscle layers still having contacts with 
their own cell bodies by protoplasmic 
bridges. 

Mechanism of feeding. Planarians 
feed on dead or living organisms, mostly 
the crustaceans, which are entangled in 
the secretion of the expelled rhabdites 
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{Fig. 13.4B). They engulf the food by food particles are obviously forced out 
enclosing it in the everted pharynx or by through mouth. 

suction. Digestion is both intra- and extra- Respiratory system. Planarians are 
cellular. As there is no anus, undigested active animals and need supply of oxygen 
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Fig. 13.5. Figures show the different systems of PlaAaria (after Guyer and Lane). A. Digestive 
system. B. Nervous system. G. Reproductive system. D. Excretory system (Longitudinal trunks 
are shown in black and one flame cell is enlarged). 
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and renjoval of carbon dioxide. There is 
no special system for this purpose. This 
gaseous exchange is carried out by the 
whole body surface, i.e. respiratory ex- 
change is by diffusion. 

Excretory system. Excretory system 
or the system of water vessels consists of 
two pairs of longitudinal trunks , right and 
left, which run through the whole body 
length (Fig. 13.5D). Each trunk is much 
coiled and is connected with each other 
by transverse vessels in the anterior tegion 
and opens to the outside by means of 
several pairs of pores which are situated on 
the dorsal surface. The lumen of the vessels 
is lined by ciliated cells. The trunks give 
off numerous branches within the body. 
From these branches extremely fine capil- 
lary vessels emerge. Many of these capillary 
vessels bear flame cells or (lame bulbs or para - 
nephridia at their tips. The flame bulb is a 
large cell bearing many cytoplasmic projec- 
tions . The nucleus is displaced to one side 
of the cell and iuc cytoplasm bears secre- 
tory droplets and is hollowed out to form 
a large cent al cavity which is continuous 
with that of the capillary vessels. A bunch 
of cilia hangs down into the cavity of the 
cytoplasm. It is the flickering move- 
ment of these cilia that gives the flame 
bulb its name. 

The excretory products in fluid state 
enter from the parenchyma cells by diffu- 
sion. The cilia within the cavity of the 
cytoplasm beat, continuously and keep the 
fluid circulating. It is also believed that 
the Hame bulb helps in the elimination of 
excess of water, i.c. they help in osmo- 
regulation. 

Nervous system. Planarians possess 
highly organised nervous system than 
the diffused nerve-net of cnidarians 
(Fig. 13.5B). The nervous system consists 
of a pair of cerebral ganglia joined to 
form a bilobed brain. The brain is made 
up of connecting transverse fibres and nerve 
cells . It gives short nerves to the eyes 
and two longitudinal nerve cords which 
pass backward. From these nerve cords 
numerous transverse branches are given 
both to the external and internal parts 
of the body. 

The internal branches often anastomose 
to form commissures . Two types of sense 
organs, eyes and auricular organs , are recog- 
nised in the planarians. 

(1) Eyes . They occur as a pair of round- 


ed dark spots on the anterior dorsal surface 
(Fig. 13.6). The eyes arc made up of a 



Fig. 13.6. Plauarian eye sectional view 'alter 
Kaestner). 

cup-shaped pigment screen. Inside the cup 
there are many sensory cdls. The plana- 
rians can make crude discrimination of the 
direction of light. 

(2) Auricular organs. A few sensory cells 
arc found to be arranged in groups at 
the sides of the head. These cells lack cilia 
and rhabdites and are called auricular 
organs. These organs are responsible for 
chemical sense. 

Reproductive system. Planaria re- 
produces both ascxually and sexually (Fig. 
13.7). 

Asexual reproduction. Some plana- 
rians reproduce asexually by transverse 
fission. The worm constricts into two — a 
little behind the pharynx and each piece 
grows and regenerates the missing parts. 
Planarians possess proverbial power of 
regeneration. In fact, any part of the body 
can grow and develop into a new indi- 
vidual (Fig. 13.8). 

Sexual reproduction. Planaria is her- 
maphrodite, i.e. same individual bears 
male and female reproductive organs 
(Fig. 13.5C). 

(a) Male. Male reproductive organ 
consists of testes , numerous vasa effere.ntia , 
a pair of vasa deferential and a penis . The 
testes are numerous, small and round. 
They are situated on the right and left 
borders on the body. Each testis is con- 
nected to the vas deferens of its side through 
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Fig. 13.7. Reproduction in Planaria. A. Asexual 
reproduction by fission (after Buchsbsum). 
B. Sexual reproduction — mating (after Storer 
and LJsinger). 


a small duct, the vas efferens. The right 
and left vas deferens unite at the middle of 
the body and form a median duct which 
passes through the muscular penis. 
The penis opens into the genital atrium 
which opens to the outside on the 
mid-ventral line beneath the mouth. The 
median duct is somewhat swollen at the 
base of the penis and forms the vesicula 
seminalis. The median canal receives uni- 
cellular prostate glands . 

( b ) Female. Female reproductive organ 
consits of a pair of small, rounded ovaries 
or germaria situated at the anterior end of 
the body. From each ovary there arises one 
oviduct. The two oviducts meet at the 
posterior and ventral part of the body to 
form a common oviduct which opens into 
the genital atrium. The genital atrium is 
connected with a median round chamber — 
the uterus and a thick-walled muscular 
structure — the muscular sac. Numerous 
branching vitelline glands open into the 
oviducts. 

Process of sexual reproduction. Though 
hermaphrodite yet the planaria ns practise 
cross-fertilization. During sexual reproduc- 
tion two planarians bring their postero- 
ventral surfaces together and copulate. 
Copulation here means mutual exchange of 
sperms. Sperms from the seminal vesicle of 
the male system of one are passed onto the 



Fig. 13.8, Regeneration in Planaria (after Hardin). A. Excised through transverse plane. 
B. Excised through longitudinal plane. 
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female genital atrium of the other. The 
planarians then separate and the sperms 
migrate to the oviduct to fertilize the eggs. 
The fertilization is internal. Several 
zygotes together with yolk cells later become 
encased in a capsule or egg shell and then 
the egg shell comes outside the body of 
the mother. Development is direct and 
there is no larval form. 

Example of the Phylum Platyhelmin- 
thes — LIVER FLUKE 

Habit and Habitat. Liver flukes are 
typical digenean trematodes. It was re- 
ported in the year 1379 and as such is the 
first described trematode. It lives as an 
endoparasite in the bile duct of sheep and 
is scientifically known as Fasciola hepalica. 
The adult flukes are typical parasites of 
vertebrate animals but one stage of their 
life history is invariably spent in an inver- 
tebrate host — a mollusc. This alternation 


Structures. Fasciola hepalica is a soft 
bodied, flattened leaf- like animal and 
exhibits bilateral symmetry . The size varies 
from about 10 to 2*5 cm in length but 
the width does not generally exceed 
1*0 cm. The anterior end has a conical 
projection — the head lobe and at its apex is 
situated the oral or anterior sucker perforated 
by the mouth. On the ventral surface, a 
little behind the head lobe, the ventral or 
posterior sucker is situated. It is bigger in size , 
than the anterior sucker. Between the two 
suckers and close to the posterior sucker 
there is the genital opening through which 
the penis sometimes protrudes. The 
excretory aperture is single and lies at the 
extreme posterior tip of the body. The 
canal of Laurer opens on the middle of 
dorsal surface. The body surface is marked 
by the presence of a number of conical 
projections — the spinules or papillae which 
are extensions of the cuticle surrounding 
the body. 



Fig. 13.9. A. Transverse section of liver fluke (alter Bloom and Krekeler). B. Magnified view 
of a part of the body wall in longitudinal section (after Hyman). 


of hosts suggests that they have digenetic 
life histories. The group to which they be- 
long has been named as Digenea Sometimes 
the adult flukes invade other cattle and 
man and cause serious loss of human life 
and domestic animals. The disease caused 
by the parasites is known as liver rot . 


Body wall. The architecture of the 
body wall is peculiar to some extent. In 
histological sections (Ffg. 13.9), it appears 
that the body wall is made up of a homo- 
genous cuticle (now called epidermis) 
from which spinules arise. Beneath the 
cuticle there are circular muscle fibres followed 
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by longitudinal muscle fibres and oblique or 
diagonal muscle fibres . The muscle layers 
bear underneath a number of unicellular 
gland cells. These cells open to the outside 
by long ducts. Interspaces between the 
organs are packed with parenchyma cells. 
The epidermal layer is absent but many ecto- 
dermal cells are seen t:o sink into the paren- 
chyma and are connected to the cuticle by 
protoplasmic projections (Fig. 13. 9B). 

Digestive system* The mouth is situa- 
ted in the middle of the anterior sucker and 
opens into rounded bulb-like pharynx which 
is muscular and suctorial (Fig. 13.10A). 
Next to the pharynx is the oesophagus which 
is very short and is followed by t he intestine. 
'The intestine is bifurcated into two limbs— 


There is no aperture between the intestine 
and the exterior, i.e. the anus is absent. 

Excretory system. The excretory 
system or system of water vessels consists of 
a median longitudinal excretory canal or 
protonephridial tubule which opens to the 
posterior by means of the excretory pore 
situated at the posterior tip of the body. 
From the anterior region of the main canal 
four large canals are given off. Each canal 
gives repeated branches. These branches 
finally end in fine microscopic vessels or 
capillaries which enter the inconspicuous 
fame cell or fame bulb. The excretory canals 
normally contain fat droplets. 

Nervous system. The nervous system 
consists of a pair of prominent nerve 



Fig. 13.10. Liver fluke. (A) Digestive system (after Kacstner). (B) Nervous and reproductive 
systems (major part of the lateral nerve cords is removed). : 


right and left and runs to the posterior side 
of the body. Each limb ends blindly and 
gives off numerous blind branches or 
caeca. The caeca of the inner side are 
short and simple while those of the outer 
side are large and branched. Practically 
every region of the body is traversed by the 
caeca. The intestine and its branches arc 
very prominent as they remain filled with 
biliary matter, desquamated epithelium 
and blood on which the animal feeds. 


ganglia situated one on either side of the 
oesophagus (Fig. 1 3.1 OB). ;; The ganglia 
are joined toget her by a nerve ring around 
the oesophagus. From the nerve ganglia 
nerves are given off to the head lobe and 
to the posterior part of the body. Amongst 
these posterior nerves a pair become 
larger and stouter than the rest and run 
posteriorly as lateral nerve cords and bear 
branches. The presence of a rather well- 
developed nervous system in Fasciola is 



PHYLUM PLATYHELMINTIIES 


231 


puzzling because sense organs in them arc 
lacking and the sluggish movement of the 
animal does not demand a large correlation 
centre. Absence of sense organs is due to 
parasitic mode of living. 

Reproductive system. Fasciola re- 
produces sexually and the same individual 
bears both the sexes (Fig. 13.10B). 

Male. Male reproductive system con- 
sists of a pair of testes which arc in the forms 
of much branched tubules and occupy a 
major part of the middle region of the 
body. From each testis is given off a vas 
deferens which runs towards the anterior 
region. The two vasa deferentia unite and 
form a median coiled and dilated vesicula 
seminalis. From it a narrow tube — the 
ejaculatory duct leads to the male aperture 
situated at the tip of cirrus or penis. The 
penis opens into genital atrium . 

Female. The female reproductive organ 
is a single ovary or germarium . T he ovary 
is in the form v ,f a much ramified tube 
situated in the right anterior region and 
above the middle line of the body. The 
tubules of the ovary open into a single 
median oviduct . Vitelline glands are nume- 
rous, minute and round and open by 
small ducts into a large duct. T here are 
two such, ducts. The two ducts meet and 
form a lateral vitelline duct which runs 
transversely and opens into a small 
chamber called yolk reservoir. From it 
comes out a median vitelline duct which 
opens into the oviduct. Around this 
junction there are groups of unicellular 
shell glands or accessory female glands which 
open by small ducts into the lumen of the 
oviduct. The lumen of the oviduct at this 
region is dilated and called oolype. The 
uterus is a wide convoluted tube formed 
by the oviduct and the median vitelline 
duct and it opens in the genital atrium 
near the base of the cirrus. A canal, termed 
Laurer’s canal leads from the junction of 
, oviduct and median vitelline duct and 
opens externally on the dorsal surface. 
The role of the Laurer’s canal is to throw 
out excess yolk cells and possibly the eggs. 

The common genital aperture is situated 
on the mid- ventral line between the suck- 
ers and close to the ventral sucker. 

Life history. Fasciola is hermap- 
hrodite but cross-fertilization is the rule. 
Pairing flukes with the penis of one intro- 
duced into the uterus of the other have 
been observed. Copulation through 


Laurer’s canal has also been reported. The 
completion of life cycle (Fig. 13.11) de- 
pends upon the transference of the parasite 
from one host to the other through an 
intermediate host. The eggs become ferti- 
lized in the lower part of the oviduct and 
then pass onto the uterus. Each egg 
receives a fair amount of yolk from the yolk 
cells and vitelline secretions and finally 
becomes enclosed in a proteinaceous shell 
or capsule secreted by the shell glands. The 
shell becomes hard w'hen it enters the 
uterus. The hardening is caused by the 
action of quinonc. One pole of the egg- 
shell bears a small lid or operculum for the 
exit of the future larva. The egg tints 
becomes complete and comes out of the 
uterus into the bile duct of the host. 
From the bile duct it is carried to the 
intestine and finally gels out of the body 
along with the faeces of the host. The egg 
can survive if only it falls on damp soil. 

Miracidium. Development within the 
eggs ceases with the emergence of min iri- 
dium larva through the operculum of the 
egg. The miracidium is conical in appear- 
ance and bears cilia round the body. A 
distinct head lobe or apical papilla is situated 
at the broad end of the miracidium. Be- 
hind the head lobe there is a pair of eyes. 
Within the body just below the epidermis 
lie delicate layers of circular and longitudi- 
nal muscle fibres, the mesenchyme , one pair 
of flame bidbs with ducts and a sac- 
likc intestine . The germ cells in blocks are 
present on the posterior part of the body. 
The head lobe bears penetration glands. The 
miracidium swims freely in water or crawls 
over damp surface for some time and dies 
in case it does not find its second host- — 
the fresh- water snail. 

Sporocyst. On meeting the snail (usually 
Limnaea truncatula) the miracidium bores 
into it by the operation of the penetration 
glands and reaches the internal organs, spe- 
cially the pulmonary sac . It metamorphoses 
into sporocyst by casting off the ciliated 
' weting. The sporocyst is elongated in 
appearance and its internal cavity is lined 
with cells. It also contains germ cells. The 
germ cells and the lining cells are 
budded off which undergo segmentation 
and produce redia (First generation). 

Redia. A redia is provided with mouth, 
pharynx and a simple intestine. It bears a 
circular ridge or collar a little behind the 
anterior end. It is formed by the bulging 
of body wall. A redia is elongated in 
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appearance and bears a pair of short 
muscular projections at the posterior side. 
Many germ cells are found in the body 
cavity. These germ cells in winter months 
may give rise to a second generation 
of rediae. The redia comes out of the 
sporocyst and migrates to the digestive 
gland of the snail. The germ cells within 
the body of redia undergo segmentation 
and give rise to cercaria. 


Cercaria. The cercaria is provided 
with a long tail and oral and ventral 
suckers . Alimentary canal is well-developed 
and consists of mouthy pharynx and a bifid 
intestine . Paired excretory tubules with flame 
cells, germ cells and peripheral cyst-forming 
cells are also encountered. The cercaria 
comes out of the body of the snail. It 
swims for some time and then takes refuge 
on green leaves. Ultimately the tail is shed 


free swimming miracidium 


apical papilla 


aquatic snail on grass 
as intermediate host 


operculum 
yolk cells 



cercaria 

(free swimming) 


Fig. 13.11. Life history of liver fluke: (after various sources). 
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and it becomes encysted . The cercaria in 
encysted condition is called metacercaria . 

Transference to host. When the sheep 
feeds on the infested green leaves, meta- 
cercaria enters the gut. The young fluke 
emerges from the metacercaria in the gut 
and migrates to the bile duct where it 
grows rapidly. 

Example of the Phylum Platyhelmin- 
thes — SCH IS TOSOMA 

Many trematodes live in the venous sys- 
tem of man and other mammals. They are 
commonly called Blood flukes. They come 
under the genus Schistosoma. The important 
members under this genus are S. haemato- 
bium , S. rnansoni and S. japonicum. The ana- 
tomy and life history of these three species 
are very similar. The biology of S. haema- 
tobium is discussed below. 

Geographical distribution. The 
medically important human blood fluke, 
Schistosoma haematobium has a wide distri- 
bution in South Africa and it has been a 
scourge in Egypt since ancient times. Out- 
side Africa S. haematobium occurs in 
Portugal, Mauritius, Mesopotamia and 
Madagascar. A few cases have been re- 
ported from Bombay (India). 

Habit and Habitat. Unlike other tre- 
matodes Schistosoma haematobium is dioece- 
ous. The males lodge the females in their 
body folds. The adult flukes are found in 
the mesenteric branches of portal vein, 
vesicoprostatic, pubic and uterine ple- 
xuses and in the vesical veins. The disease 
caused by it is called Schistosomiasis , the 
clinical manifestation of which is Haema- 
turia. The larval stages are spent in the 
intermediate host- --the fresh-water snail, 
Balinus (in Africa) and Planorbarius in 
Portugal. 

Structure. The males are larger than 
the females and attain a length of 1-1 *5 cm 
and a breadth of 1 mm. The males are flat 
while the females are cylindrical. The 
males possess a gynecophoric canal (Fig. 
13.13C) formed by a tube-like ventral in- 
folding of the thin, post-acetabular body 
margin. The females and males are other- 
wise structurally almost similar. The oral 
and ventral suckers are present. In males 
the ventral sucker is more strongly deve- 
loped. In females both the suckers are of 
the same size and weak. The genital aper- 
ture is located on the ventral surface 
immediately behind the ventral sucker. 


Body wall. The body wall is composed 
of a homogeneous epidermis (formerly 
designated as cuticle) bearing backwardly 
directed spines or papillae . The spines 
are found all over the epidermis in males 
while in females the spines are restricted 
to the anterior and posterior ends. The 
epidermis rests on a basement membrane 
which is followed by circular, oblique and 
longitudinal muscle fibres. The spaces 
among organs of the body are filled with 
parenchyma cells of irregular shape. 

Digestive system. The digestive sys- 
tem is similar in both the sexes. The 
mouth is subapical and leads to a funnel- 
shaped buccal cavity . The buccal cavity 
is surrounded by the oral sucker. The 
buccal cavity leads to the oesophagus. 
The pharynx is absent. The oesophagus on 
reaching the anterior margin of the ventral 
sucker bifurcates into two. These two 
branches reunite in the middle portion of 
the body to be continued as a single 
sinuous tube terminating blindly. The 
oesophagus remains, surrounded by an 
‘hour-glass shaped* digestive gland. 

Excretory system. Excretory system 
consists of Protonephridium and is formed by 
a posterior bladder , lateral collecting tubules 
with anterior and posterior branches and 
terminal flame bulbs . 

Nervous system. The brain is bilobed 
and located in the dorsal side just above the 
middle of the oesophagus. Paired posterior 
nerve trunks arc given out from the brain. 

Reproductive system 

Male reproductive organs. The male 
reproductive system consists of 4 or 5 
testes. The testes are located close 
behind the ventral sucker and are tightly 
clustered. Vasa efferentia from all the 
testes enter into a short vas deferens. The 
vas deferens at its posterior end has 
become enlarged to form the seminal 
vesicle which opens directly to the ventral 
surface immediately behind the ventral 
sucker. 

Female reproductive organs. The female 
reproductive system consists of a single and 
elongated ovary located in front of the rejoi- 
ned gut caeca. The oviduct is narrow and 
it proceeds forward t6 open into the ootype , 
The ootype opens to the outside on the ven- 
tral surface just behind the ventral sucker. 
The posterior half of the body is filled with 
alternately lobed vitelline glands which pour 
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their contents into the common vitelline 
duct which opens into the oviduct. 

Life History. The schistosomes remain 
permanently wedded and monogamous, the 
uncoupled females remain as spinsters. At 
egg laying time the female leaves the male 
and moves into smaller veins of the 
bladder and intestine and lays eggs singly. 
It has been estimated that a female 
S. japonicum lays about 1200 eggs per 
day. Fig. 13.12 shows the life history of 
S. haematobium . 

Egg. The egg is oval in shape. The 
average size is 120-170 pm by 40-70 /Am. 


already determined in the miracidium. 
As the miracidium lives for 24 hours or less, 
it tries to find out a suitable snail host 
(intermediate host — Balinus ). When the 
miracidia come close to a suitable host 
they become excited and dash for burrow- 
ing into the tentacle or other parts. 

Sporocyst. During penetration the ciliat- 
ed outer covering of the miracidium is 
shed. The miracidium elongates and be- 
comes transformed into sporocyst . The 
sporocysts are tubular in appearance and 
make their way through the viscera to the 
digestive gland. The sporocysts produce 
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Fig. 13.12. Showing the life history of Schistosoma haematobium. 


It is provided with terminal spine. The 
eggs retain their position by these spines. 
The eggs presumably being aided by the his- 
toiytic secretions of the contained embryo 
work their way out of the vessel into the 
lumen of the bladder and intestine whence 
they escape with urine or faeces. 

Miracidium. Dilution of the faeces or 
urine causes the egg to hatch into Miraci- 
dium larva within a few minutes to several 
hours. In undiluted faeces or urine the egg 
does not hatch. The body of the miraci- 
dium is covered over with cilia. The mira- 
cidium possesses two pairs of flame cells. 
It has a short gut and anterior and 
lateral penetration glands. 

The sex of the future adult worm remains 


within their brood cavities a second genera- 
tion of sporocysts. The daughter sporocysts 
burst free from the mother sporocyst. 
From the germ cell masses of the posterior 
end of these sporocysts Cercaria develop. 

Cercaria. Mature ccrcari^e come out 
from a birth pore near the ahterior end 
of the sporocyst. The sporocyst continues 
to produce them for several iponths. The 
length of the cercaria is aboUt 200 /xm. It 
is provided with a forked tail about 75 fim 
long. The body of the cercaria bears back- 
wardly pointed spines. The ventral sucker 
is well developed. Digestive system remains 
in the rudimentary stage. A ‘head organ* 
occupies the anterior one third of the body. 
It is provided with two sets of penetration 



PHYLUM PLATYHELMINTHES 


235 


glands. The penetration glands are uni- 
cellular with large nucleus. They escape 
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Fig. 13.13. A low trematodes which are para- 
sites ia man (after various sources) . A. Clomrchis 
sinensis. B. Paragonimus . G. Schistosoma haematobium. 


from the snail into water in ‘puffs 5 , a 
number at a time. 

The forked tailed Cercaria or Fercocercus 
Cercaria swims and rests alternately in 
water for two or three days. If they fail 
to reach a final host by this time they die. 
If successful they either burrow througli 
the skin or arc ingested by human beings. 
While burrowing they employ the hisloly- 
tic or hyluronidase bearing secretions of 
the penetration glands. If ingested the 
cercariae attach themselves to the mucous 
membrane of the mouth and throat and 
bore in leaving their tails. Eventually they 
find their way into the blood stream and 
are carried to lungs via heart. From there 
they are carried to the liver and then 
migrate to mesenteric veins. 

OTHER TREMATODES 

More than 3,000 species of digenetic 
flukes livc c as parasites on hosts ranging 
from fish to mammals. Important flukes 
which infect mankind are: 

FASCIOL OPS IS BUSK I. Intestinal 
flukes, most prevalent in India and China. 
Larval stages occur in snail. Cercaria 
encysted on the leaves of water nuts. 
When these raw water nuts are consumed 
by human beings in the Orient the para- 
sites enter the gut. 

C,L ONORCFI IS SINENSIS. Reside 
in the bile duct of man, most prevalent 
in Japan, China and Vietnam. Primary 
larval stages occur in snails, secondary in 
the muscles of fish. Infection results from 
the consumpt ion of raw or ill-cooked fishes 
(Fig. 13.13A). 

PARAGONIMUS IV ES TERM A NI. 

Reside in lungs; wide distribution 
—Japan, China, Philippine, India, Africa 
and New Guinea. Eggs come out through 
the sputum of host. Larval stages in snails 
and then on crabs or Cray fishes. Enter 
into the human body with uncooked 
crustaceans (Fis. 13.13B). 

Example of the Phylum Platyhelmin- 
thes —TAPE WORM 

Habit and Habitat. It is scientifically 
known as Taenia solium. The name tape 
worm is due to its elongated tape-like 
appearance. It may attain a length of 
several metres. It belongs to the class 
Gestoda. Sexual forms of Taenia occur 
as endoparasites in the intestine of 
man. Asexual forms are encountered in 
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the muscles of pig or in exceptional cases 
in the muscle of man. Man is its primary 
host and pig is its secondary host . Distribu- 
tion of Taenia is world-wide and is most 
common in European countries. Nowa- 
days Taenia solium occurs rarely in man. 
Taenia saginata is more common, because 


hook 


three parts — a base or guard, a conical 
blade at the tip and a handle projected 
from the middle. The hooks are arranged 
in two rows. Such hooks aie absent in Taenia 
saginata . When the contractile rostellum is 
withdrawn the hooks become anteriorly 
directed and get fixed into the host tissue. 
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Fig. 13.14. Taenia solium — entire specimen and enlarged view of different parts (after various sources) 


it uses cattle as the secondary or interme- 
diate host. 

Structure. A fully-developed Taenia 
may attain a length of 3-5 metres. Antero- 
posterior ends are clearly distinguishable 
but it is difficult to differentiate the dorsal 
from the ventral surface. The body is 
ribbon-like (Fig. 13.14) and consists of a 
distinct head or scolex at the anterior region. 
The tip of the head bears a conical eleva- 
tion — the rostellum which can be retracted 
or extended. The rostellum bears 28 to 
33 hooks. The hooks are of two types — 
larger and smaller and they alternate with 
each other. Each hook (Fig. 13.15) has 



Fig. 13. 1 5. Enlarged view of a hook. 

The head bears in the middle four cup- 
like suckers or Acetabulum . Rostellum 
and suckers act as organs of attachment to 
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the intestine of the host. Behind the head one of the lateral margins. The atrium 
there is a narrow and small tubular region opens to the exterior through an aperture 
— the neck or the zone of proliferation, called genital pore . 

Therest o f the body or tape is called Body waU . The body is covered by a 
strobila. The strobila is segmented in thick epidermis. The epidermis is many- 
appearance though this segmentation layered and perforated. It is impregnated 
is not similar to the true segmentations with calcium carbonate . The epidermis 
of annelids The chain-like strobila is rcmains sunk in the p are nchyma. Longi- 
made up of about 850 segments or sexual tudinal mmcUs run under thc 7 epidermis . 
units called proglottids. The proglottids The p arenchyma is d i v i de d into an 
progressively increase m size and mature outcr cortica! zonc and inncr me dullary 
towards thc posterior extremity. The zone b tbc cirmlar mHJcZw Nervous, 
youngest or newly formed proglottid occu- reproductive and excretory organs are 
pies a position just beneath the neck while situated within the medullary zone, 
the oldest one is at the posterior end. The For a long time it was regarded that the 
number of proglottids varies from 800-850 body of tapeworm i s covered by thick 
in a full-grown worm. cuticle. But recently electron microscopic 

Structure of a proglottid. A proglot- studies have revealed that thc outer layer 
tid from the middle region of the strobila of the body of all cestodes contains mito- 
offers a rectangular outline (Fig. 13.16). chondria and remains continuous with 
The surface is lined by cuticle (recently processes emerging from the cytoplasm of 


uterus ovary longitudinal excretory 



Fig. 13.16. Transverse section of Taenia solium passing through a mature proglottid 
(after Parker & Haswell). 


renamed as epidermis). It is thick and per- 
forated at intervals by fine canals, at the 
bottom of which either gland cells or 
nerve endings are situated. It is followed 
by longitudinal and circular layers of 
muscles. The circular muscles divide 
the parenchyma cells into an outer cortex 
and inner medullary region. Towards 
each lateral margin is found the longitudinal 
nerve and just median to them lies the 
longitudinal pair of excretory vessels. A trans- 
verse excretory canal is situated at a posterior 
position of the proglottid. The anterio- 
lateral borders of the medulla are housed 
with testes and posterior lateral borders are 
with ovary. The male and female genital 
ducts open to a chamber called the genital 
atrium which is situated in the middle of 


some underlying cells. There is a recent 
trend to replace thc term ‘cuticle* by 
epidermis or tegument. The ontogenetic 
development of the epidermis is not 
exactly known. The epidermis bears micro- 
villi which increase the absorptive area 
of the tapeworms where gut is absent. 
Beneath the epidermis lies the prominent 
basement membrane. 

Digestive system. It is completely 
absent. This absence is due to the 
parasitic life of the tapeworm. It 
absorbs nutrient from the intestinal con- 
tents of the host. 

Excretory system. There are two 
pairs of main longitudinal trunks . Each 
pair runs along with the lateral margins 
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of the strobila. The paired state of the 
longitudinal trunks is well recognised at 
the anterior part of the strobila and in the 
posterior part one from each of the pairs 
becomes lost. The two pairs of the longi- 
tudinal trunks are connected with each 
other in the head region by a ring-like 
vessel . Similar connections by straight 
transverse vessels are seen in the posterior 
regions of each proglottid. In the last 
and penultimate proglottid the longi- 
tudinal trunks open into a pulsatile caudal 
vesicle which opens to the outside by a 
single median aperture. When the last 
proglottid is cast off at maturity, the 
longitudinal trunks open to the exterior 
separately and independently. The main 
trunks give off branches from which 
numerous fine canaliculies each termina- 
ting in a flame cell arise. The structure of 
the flame cell is similar to that of Fasciola. 

Nervous system. The nervous system 
consists of a pair of ill-defined ganglia 
situated in the head or scolex. The ganglia 
are connected to each other by a broad 
transverse commissure of slender nerve. Each 
sucker is provided with a pair of nerves 
arising from the ganglion. Two longitudinal 
nerves of considerable thickness arise, one 
each from the ganglion and run along the 
lateral margin up to the last proglottid. 
Each longitudinal nerve gives a pair of 
accessory nerves. 

Reproductive system. Taenia is her- 
maphrodite . Male and female reproductive 
organs resemble those of the liver fluke. 
Each proglottid behind the first 200 is 
equipped with a set of reproductive 
organs. Male reproductive organs develop 
first in each proglottid and then female 
organs make their appearance. 

Male reproductive organs. There are nume- 
rous rounded testes distributed along the 
length and breadth of the proglottid. Each 
testis is provided with a fine efferent duct . 
The efferent ducts of neighbouring regions 
join together and form larger ducts. These 
larger ducts open into the vas deferens or 
main duct of the testes. The vas deferens 
is convoluted, transverse in position and 
extends towards the lateral margin (left or 
right) of the proglottid. The tip of the vas 
deferens is narrow and it pierces a narrow 
protrusible process the cirrus and opens at 
its extremity in the genital atrium. 

The base of the cirrus is enclosed in a 
muscular sac — the cirrus sac. 


Female reproductive organs. There is a pair 
of bilobed ovaries or germaria situated in the 
posterior region of the proglottid. The two 
lobes are unequal in size and lie one on 
each side of the median line. The ovaries 
are made up of numerous branching 
tubules which converge to form the ovi- 
ducts. The two oviducts meet: and form a 
common median oviduct. A single vitelline 
gland or yolk gland consist ing of few lobules 
is situated at the posterior border of the 
proglottid and opens into the median 
oviduct through yolk duct. Numerous round 
shell glands (also designated as Mehlis 9 
gland) are situated round the yolk duct 
and the shell gland ducts open into the 
oviduct by the side of the yolk duct. The 
specialised part of the oviduct where shell 
gland ducts and yolk duct open is called the 
ootype. The ootype passes anteriorly into a 
median, elongated and blind uterus. A fer- 
tilizing or spermatic duct arises from the 
ootype. The anterior part of the spermatic 
duct becomes dilated to form the recepta - 
culum scrninalis. From the reeeplaeulum 
serninalis arises the vagina which runs for- 
ward and lateral and opens into the atrium. 
In a mature or gravid proglottid the uterus 
becomes distended and branched and 
occupies the major space inside the 
proglottid. Consequently other structures 
become reduced and modified. 

Life history. Taenia practices self- 
fertilization, i.e. eggs are fertilized by 
sperms from the same proglottid or one 
proglottid may be inseminated by a pro- 
glottid situated anterior to it. This is 
achieved by the bending of the strobila 
into folds. The possibility of a cross- 
fertilization is remote since no host 
will be in a position to house two large 
tapeworms at a time. 

Fertilization occurs inside the ootype 
and fertilized eggs become surrounded by 
mass of yolk cells secreted by the yolk gland. 
The fertilized ovum and y^lk cells are 
subsequently enclosed in a thick egg shell 
secreted by the shell glandsi Finally the 
eggs pass to the uterus. The fiist completed 
eggs are encountered in the Uterus of the 
proglottid ranging between 400 -500. 

In the uterus the development of the egg 
starts (Fig. 13.17). The first cleavage 
results a large tnegamere and a small embry- 
onic cell. Both the megamcre and the small 
embryonic cell divide and the descendants 
of the nxegamere ultimately form an 
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envelope called embryophore round the 
embryonic cells. From the embryonic 
cells develop the embryo proper. Later 
on, six hooks develop in the posterior pole 
of the embryo and it is now called a 
hexacanth embryo . The whole structure 
containing the embryo, embryophore and 
egg-shell is called onchosphere . Terminal 





Fig. 13.17. Development of tapeworm (after 
Guyer & Lane). A. Egg. B. Hexacanth 
. embryo. G. Inverted cyst. D. Cysticercus 
stage . 

proglottids containing onchosphere break 
off from the strobila (four or five at a time) 
and pass out of the body of the host along 
with the faeces. A newly-shed proglottid 
wriggles for some time but eventually dies 
and disintegrates. The onchospheres are 
not affected but further development with- 
in them do not occur until they enter the 


body of the secondary host (pig) through 
its food. In the stomach of the pig, as 
the egg-shell and embryophore get dig- 
ested the hexacanth embryo is released. The 
embryo with the help of its hooks bores 
into the wall of the gut and reaches the 
blood stream. Then it reaches the volun- 
tary muscles or tongue or any other 
muscular tissue via heart and becomes 
encysted. 

Inside the cyst the embryo increases in 
size. A large cavity filled with watery 
fluid is formed inside the cyst and whole 
structure assumes a bladder-like appear- 
ance. At one point in the bladder an 
invagination occurs and at the bottom of 
the invagination a small scolex — the pros - 
colex is formed. The embryo at this stage is 
called cysticercus or bladder-worm . It does not 
develop further. Pork meat infected with 
bladder-worms is spotted in appearance 
and if such imperfectly cooked meat is 
eaten, the bladder- worms enter the body of 
man. The invagination is everted and the 
scolex attaches itself to the wall of the 
intestine, develops the neck which buds off 
proglottids. 

Pathogenic effects. Taenia may cause — 
(i) cerebral cysticcrcosis, (u) may bring 
about reduction and complete occlusion 
of the lumen of intestine, (in) anaemia 
and (iv) gastric disturbances leading to 
regurgitation of gravid proglottids. 

Example of the Phylum Platyhelmin- 
mv*— ECHINOCOCCUS 

Echinococcus granulosa causes a disease 
called echinococcosis or hydatid disease. 
The disease is world-wide in distribution. 
Human cases are common in Ireland, 
South Australia, North America, Central 
and Northern Europe, parts of America, 
New Zealand. 

Habitat. The adult worm lives in the 
small intestine of dogs and allied animals. 
The dog is the optimum definitive host. 
The larval stage is passed in sheep, cattle, 
l or man which rcpiesent the interme- 
diate hosts of the parasite. These animals, 
therefore, serve as the common reservoirs 
of the hydatid diseases. 

Structure. This parasite is the smallest 
tapeworm (in adult stag^)*of medical im- 
portance. 

The adult worms measure 5-8 mm in 
length and are usually with three seg- 
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ments plus a scolex and a neck (Fig. 
13.18). It has a typical taenioid scolex 
with four deep, well-developed suckers and 
an anteriorly located retractile rostelluin 
beset with 30-36 hooklets. The scolex con- 
tains internal concentiation of nervous and 
excretory systems. Behind the scolex lies 
the unsegmented proliferous neck region. 


ospheres) hatch out in the duodenum. The 
liberated onchospheres bore their ways 
through the intestinal wall and enter the 
radicles of the portal vein. Whenever the 
onchosphere settles, it forms a hydratid 
cyst. The young larva transforms into a 
hollow bladder. The cyst is double-walled. 
The outer layer is laminated while the inner 
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The structure and development of a scolex Tthe brood 
ECHINOCOCCUS GRANULOSUS capsule has been extended into a line for simplicity) 

Fig. 13,18. Showing the fife history of Echinococcus granulosa. 


The first proglottid has no definite organi- 
sation but the beginning of genital organs 
is marked by the presence of germinal 
mass. The second proglottid is mature 
and contains fully-developed genital 
organs. The last pioglottid is gravid and 
relatively larger than other two segments. 
It contains only the uterus filled with 
eggs. 

Eggs. The eggs are ovoid in shape. The 
egg contains hexacanth embryo with 3 
pairs of hooks. *> 

Life cycle. The eggs produced by the 
adult worms in the intestine of dog or any 
other suitable primary host pass out along 
with the faeces and are ingested by the 
intermediate host with contaminated food 
or drink. The eggs, when swallowed, pass 
down the oesophagus into the stomach. 
Inside the stomach the shell wall is digested 
and the active hexacanth embryos (onch- 


one is germinative. Fig. 13.18 shows the 
scheme of a hydatid cyst formation. The 
young larva changes into a hollow bladder 
around which the host adds an enveloping 
fibrous cyst wall. With the advent of matu- 
rity, the inner surface begins to produce 
hollow brood capsules. The brood capsule 
is formed by the proliferation of the cells 
from the germinative layer about eight 
months after the beginning of the cyst 
formation. It starts as a smajl nuclear mass 
which grows and become.* vacuolated to 
form a small vesicle. The brood capsules 
remain attached by slender stalks and 
often set free into the fluid^filled cavity of 
the mother cyst. As the cy|t grows larger, 
more brood capsules develop. The older 
brood capsules begin to differentiate a 
number of scolices on their inner walls. 
The mother cysts may, as a result of 
intracystic pressure, develop hernia-like 
buds which detach themselves and con- 
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EACH OF THE SCOUCES IN THE 
HYDATID CYST BECOMES AN ADULT 
WORM IN INTESTINE OF DOG 

INFECTION OF DOGS 
WHILE EATING 

( 

CARCASSES OF 
INFECTED ANIMALS 




ADULT WORM IN SMALL 
INTESTINE OF DOG 

) 

EGGS PASSED ALONG 
THE FAECES OF DOG 



INFECTION OF SHEEP, COWS, PIGS 
THROUGH INGESTION OF EGGS WHILE 
GRAZING IN THE FIELD 


INFECTION OF MAN - 
tfDATID CYST IN BRAIN, LUNGS, LIVER, ETC. 



CHILD PLAYING 
WITH AN INFECTED DOG 
— (EGGS SWALLOWED) 


Fig. 13.19. Schematic representation of the life cycle o f Echinococcus granulosa. 


tinuc their development independently as 
daughter cyst. 

Formation of daughter cysts. The mother 
hydatid cyst develops daughter cysts. The 
daughter cysts are generally endogenous in 
origin while the exogenous daughter cysts 
occur rarely T,V endogenous cysts arise 
from the germiriative layer. The daughter 
cyst is almost identical to the mother cyst. 
Each scolex developed from the daughter 
cyst has the property of becoming a new 
hydatid in an intermediate host. 

Transmission. The end product of 
the hvdalid cyst is the production of the 
scolices and each scolex has the power to 
develop into the strobilate worm, when 
ingested by any primary host (especially 
dogs). As a single hydatid may contain 
thousands of brood capsules and each 
brood capsule may give origin to a large 
number of scolices, the number of stro- 
bilate worms resulting from such ingestion 
of a single hydated cyst become numerous. 
Attainment of strobilate stage in the intes- 
tine of dog requires 3 -10 weeks after inges- 
tion. Man becomes infected in a variety of 
ways — viz*, by swallowing food or drinks 
contaminated with infested canine faeces 
or by handling the infested dogs. The life 
, cycle of Echinococcus granulosa is schemati- 
cally represented in Fig. 13.19. 

OTHER CESTODES 

Over 1 ,500 species of cestodcs are known 
to live as parasites on different animals 
ranging from fish to mammals (Fig. 13.20). 
Primary host harbours the adult stages 
while embryonic stages occur in secondary 
hosts. Infection is caused when the secon- 
dary hosts are eaten by the primary hosts. 

16 [vol. i, ’76] 


HYMENOLEPIS NANA. Interme- 
diate host is usually absent. Adults occur 



Fig. 13.20. Showing the scolices (A) and 
proglottids (B) of three cestodcs (after 
various sources). 
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in the lumen of the intestine of man, and 
the larvae live in the intestinal villi. Pro- 
glottids numbering about 200. Popularly 
known as dwarf tapeworm. It measures 
about 10-45 mm. 

TAENIA S AGIN AT A . Adult infects 
man, larvae live in cattle, proglottids 
are 2,000 in number (Fig* 13.20). 
T. saginata is a more common cestode 
parasite in man, because it uses cattle as 
its intermediate host. It resembles T. sobium 
but the rostellum is without hooks and the 
mode of branching of gravid uterus is 
different. 

TAENIA PISIFORMIS . Adults occur 
in the dog or cat, larvae stay in the liver 
and mesenteries of rabbit. 

MONIEZ1A EXPANSA. Adults reside 
in sheep, larvae remain in mites. It extends 
up to six metres in length (Fig. 13.20). 

DIPHYLLOBO THRIUM LATUM 

Diphyllobothrium latum (also known as 
Dibotkriocephalus latum ), commonly called 
the fish-tapeworm, is the largest known 


cestode measuring about 18 metres in 
length. The number of proglottids varies 
from 3000-4000. It has an extremely 
elongated slender neck. The scolex has 
two slit-like bothria (Fig. 13.20) but hooks 
are absent. The secondary hosts of this 
form arc crustaceans (first host) and 
various freshwater fishes are the second 
host. Man or other carnivorous animals 
are its primary hosts. 

ADAPTIVE FEATURES IN CESTODES. 

(a) The covering of the cestodes is not 
digestable by the host’s digestive juices and 
it is permeable to water, ( b ) the osmotic 
pressure inside the body of the parasite is 
lower than the surrounding medium, 
(i c ) pH tolerance is high, (d) glycogen 
and lipid contents in the body tissues 
of cestodes are high and protein content is 
less, ( e ) in the absence of oxygen it can 
respire anaerobically, (f) the bladder of 
cysticercus is digested by the digestive 
juice but the scolex escapes digestion, ( g ) 
the eversion of scolex is accelerated by 
the bile of the host. 


Table 1 — Platyhelminthes 

COMPARATIVE ACCOUNT OF FASCIOLA HEPATICA AND TAENIA SOLIUM 



Fasciola hepatica 

Taenia solium 

1. Status 

Class-Trematoda (or class Digenea) 

Class -Gestoda. 

2. Distribution 

Asia, America, Europe, Africa 

World- wide. 

3. Habitat 

Adults live in the bile duct of the 
liver of sheep, cows, pigs, etc. 
and occasionally found in man. 
Larval forms occur in snail. 

Adults live in the alimentary 
canal of man, ‘cyst’ forms 
occur in pig. 

4. Structure 

Body flat and leaf-like, size varies 
from l'O to 2*5 cm in length, 
width is about 1 cm. An- 
terior end is conically projec- 
ted to form the ‘head lobe’. 
There are two suckers. Anterior 
sucker is situated at the apex of 
the head lobe^—the ventral suc- 
ker is situated ventrally and 
little below the head lobe. Single 
median genital pore is situated 
ventrally and in between the 
two suckers. Single excretory 
aperture lies at the extreme 
posterior end of the body. A 
thick cuticle bears spine-like 
thickenings. 

Body Hat and ribbon-like, con- 
sisting of a knob-like head or 
‘scolex’ and a great number of 
similar parts called proglottids 
arranged in a single row. 
A short neck remains in bet- 
ween the scolex jj and the pro- 
glottids. Proglotiids gradually 
increase in size from anterior 
to posterior. An individual may 
attain a length of 3 metres and 
number of proglottids may be 
about one thousand. The sco- 
lex bears at its tip a rostellum 
with double rows of curved 
chitinous hooks and four suc- 
kers. 
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Table 1 — Platyhelminthes (contd.) 


• 

Fasciola hepatica 

Taenia solium 

5. Alimentary 
system 

Mouth lies in the middle of ante- 
rior sucker and is followed by a 
suctorial pharynx. Oesophagus 
is short and soon bifurcates to 
form the intestine. Many caeca 
originate from the main 
branches of the intestine and 
traverse almost every region of 
the body. There is no anus. 

There is no alimentary canal, 
absorbtion occurs through ge- 
neral body wall predomincntly 
by diffusion. 

6. Excretory 
system 

The main excretory canal opens 
to the exterior through an aper- 
ture situated at the posterior 
end of the body. The duct re- 
ceives many tubules each of 
which ends in a flame bulb. 

Each proglottid houses many 
flame-bulbs arranged super- 
ficially and having drainage 
tubules. These tubules carry 
the excretory products to two 
longitudinal canals placed la- 
terally. These lateral canals 
are joined by transverse canals. 
The ends of the lateral canals 
act as excretory pores. 

7. Nervous 
system 

Consists of prominent masses 
called cerebral ganglia joined 
together by a nerve ring around 
the oesophagus. From the gang- 
lia nerves are given off to the 
head lobe and to the posterior 
part of the body. One pair of 
these posterior nerves is larger 
and more stout than the others. 

The scolex bears a transverse 
band of nervous material. This 
ganglionated mass gives out 
slender branches to the suckers 
and to the posterior parts of the 
body. Two stouter nerves run 
laterally along the long axis 
of the body. 

8. Reproductive 
system 

Individuals are hermaphrodite. 
Sex organs arc well-developed. 
The male organs consist of a 
pair of much branched testes, 
two vasa deferentia, a pear- 
shaped seminal vesicle, a con- 
voluted ejaculatory duct and a 
muscular penis. 

Female organs consist of single 
and branched ovary, a convolu- 
ted oviduct, shell gland, a 
uterus, which leads to the geni- 
tal pore. Accessory glands -yolk 
or vitelline glands open through 
ducts in the shell gland. A canal 
called Laurer’s canal running 
between the point of fusion of 
vitelline duct and oviduct at 
one end and the dorsal surface 
at the other end. 

Cross-fertilization is the rule. 

Individuals arc hermaphrodite. 
Sex organs are repeated in each 
proglottid. A mature proglottid 
is almost filled with sex-organs. 
Male organs consist of nmne- 
rous testes, efferent ducts, vas 
deferens and a protrusiblc penis 
lying in the genital atrium loca- 
ted on one of the lateral borders. 

Female organs consist of ovary 
which is bilobed and situated 
at the hinder end — a short 
oviduct, and vagina which 
opens into the genital atrium. 
Uterus is much branched and 
originates from the base of the 
oviduct. A median and compact 
vitelline gland and a shell 
gland surround the base of the 
uterus and oviduct. Laurer’s 
canal is absent. 

Self-fertilization takes place. 
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Table 1 — Platyhelminthes (contd.) 



Fasciola hepatica 

Taenia solium 

9. Life history 

(a) Fertilized eggs develop into 
ciliated Miracidium larva 
and it forces its way into 
the snail’s body. 

( b ) Miracidium changes to 
Sporocyst within which 
Rediae are developed. 

(< c ) Rediae produce daughter 
Rediae. 

(i d ) Rediae (daughter) give rise 
to Cercariae which leave the 
snail’s body and on reaching 
its primary host (sheep) de- 
velop into adult flukes. 

{a) Fertilized eggs develop into 
six-hooked Hexacanth larva 
while still within the pro- 
glottid. 

(b) On reaching the pig they 
force their way into the 
voluntary muscle and form 
cysts. 

(< c ) The wall of the cyst gives 
rise to a head and is known 
as Gysticercus at this stage. 
( d ) On reaching man the Cysti- 
cercus gives off series of pro- 
glottid and becomes mature. 


Table 2 — Platyhelminthes 

COMPARISON OF DEVELOPMENTAL PROCESSES IN TYPICAL CESTODES AND TAENOIDS 



Typical Cestodes 

Taenoids 

1- Egg 



(a) Capsule 

(a) The capsule is thick and 
operculated or non-oper- 
culated. 

(a) The capsule is thin and 
rather delicate- usually 

non-operculated. 

(b) Cells 

(b) A single egg cell and a num- 
ber of yolk cells. 

(/;) Typically a single egg cell 
and a single yolk cell. 

2. Segmenta- 
tion 

2. Total and equal — holoblas- 
tic. 

2. Total and unequal giving 
rise to three types of iden- 
tifiable cells— the macro, 
micro and mesomeres 

3. Outer em- 
bryonic 
membrane 

3. Some blastomeric cells situa- 
ted at a particular pole 
spread to form it. 

3. The macromcres form a 
syncytium to form the ou- 
ter embryonic membrane. 

4. Inner em- 
bryonic 
membrane 

4. (a) Some blastomeric cells 
by the process of epiboly, 
forms the inner embryonic 
membrane. 

(i b ) It is Hot cuticularised 
but gives rise to cilia. 

4. (a) The incsomercs form 
the inner embryonic mem- 
brane. { 

(b) It is cuticularised and cilia 
are never foraged out of it. 

5. Fate of diff- 
erent mem- 
branes 

(a) Capsule 

( b ) Outer 
mem- 
brane | 

5. 

(a) usually shed. 

( b ) usually shed. 

5. ! 

(- 

(a) usually shed. 

( b ) usually shed but may be 
drawn out into filament on 
each side. 
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Table 2 — Platyhelminthes (contd.) 



Typical Cestodes 

Taenoids 

6. Miracidium 

6. Miracidium stage is present. 

6. Miracidium stage is absent. 

7. Develop- 
ment in the 
intermediate 
host 

7. Miracidium develops into a 
larva with scolex and cystic 
appendages are of different 
shapes and sizes. 

7. The oncosphere embedded 
in the hard inner membrane 
when eaten up by the 
appropriate host develops 
directly into the Gysticer- 
cus stage. 


CLASSIFICATION 

The classification of platyhelminthes is 
complicated and has not yet been properly 
finalised. It was Linnaeus (1735) who first 
included them with other worms in the 
phylum Vermes. Lamarck (1816) separated 
them from other worms and Cuvier inclu- 
ded them within Zoophyta or Radiata. 
The name platyhelminthes of the phylum 
was first coined by Minot (1876). 

CLASSIFICATION IN OUTLINE 
Phylum Platyhelminthes is usually 
divided into three classes — Turbellaria, 
Tremaioda and Cestoda. 

PHYLUM PLATYHELMINTHES 
Class Turbellaria 

Order Acoela , e.g. Convoluta , Ectocolyla . 

Order Rhabdocoela , e.g. Temnocephala , 

Stenostomum. 

Order Alloeocoela , e.g. Prorhynchus , Pla - 
giostomum. 

Order Tricladida, e.g. Euplanaria, Pro- 
cotyla. 

Order Pvlycladida , e.g. Notoplana , Plano - 
cera. 

Class Trematoda 

Order Monogcnea, e.g. Polystoma , Sphyra - 
tiura. 

Order Aspidobothria , e.g. Aspidogaster , 

Stichocolyle . 

Order Digenea , e.g. Schistosoma , Clonor - 
chis. 

Class Cestoda 
Subclass Cestodaria 
Order Amphilinidea , e.g. Amphilina. 


Order Gyrocotylidea , e.g. Gyrocotyle . 

Subclass Ecjcestoda 

Order Tetraphyllidea , e.g. Phylloboihrium . 

Order Lecanicephaloidea , e.g. Polypoce - 

phalus. 

Order Proteocepkaloidea, e.g. Proleoce- 

phalus. 

Order Diphyllidea, e.g. Echinobothrium. 

Order Trypanorhyncha , e.g. Iiaplobothrium . 

Order Pseudophyllidea , e.g. Dibothrioce- 
phalus. 

Order Nippolaeniidea , e.g. Nippo taenia. 

Order Taenioidea. e.g. Taenia , Echinococ- 
cus, Hymenolepsis. 

Order Aporidea , e.g. Gastrotaenia. 

CLASSIFICATION WITH 
CHARACTERS 

Class Turbellaria, Free-living; body is 
undivided ; cilia are scattered on epidermis ; 
rhabdites are rod-like; mucous glands are 
present; pigmented and some are bri- 
lliantly coloured; mouth is ventral and 
intestine is present; suckers are absent; 
development is direct, asexual reproduc- 
tion occurs in many. It includes 5 orders. 

Order Acoela. Marine; with mouth, 
pharynx and intestine; protonephridia 
and gonads are absent, e.g. Convoluta , 
Ectocolyla (commensal on hermit crab). 

Order Rhabdocoela . Marine or fresh- 
water; colourless; digestive tract is 
straight; protonephridia are either 1 or 
2; commensal or parasite; some are with 
tentacles, e.g. Temnocephala , Stenostomum . 
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Order Alloeocoela . Mostly marine; cylin- 
drical; intestine is straight or with bran- 
ches, e.g. Prorhynckus , Plagiostomum . 

Order Tricladida. All live in fresh-water; 
mouth is mid-dorsal and with proboscis; 
digestive tube is with 3 branches; eyespots 
are present, e.g. Euplanaria , Procotyla . 

Order Polycladida. Marine; with many 
eyes; oval; intestine is with irregular 
branches, e.g. Notoplana y Planocera. 

Glass Trematoda. All are parasites; 
rhabdites or cilia are absent in epidermis; 
body is covered by cuticle; presence of 
one or more suckers for attachment; 
mouth is anterior; digestive tract is com- 
plete and with two branches. No asexual 
reproduction takes place. In most cases 
the testes are two but always one ovary 
is present; 3 orders. 

Order Monogenea. Sucker is weak or 
absent; posterior end bears adhesive disc 
and hooks; paired excretory pores are 
located anterodorsally ; ectoparasite on 
cold-blooded vertebrates; life cycle is 
simple and having no alternation of host; 
larva is ciliated, e.g. Polystoma , Sphyranura. 

Order Aspidobothria. Oral sucker or 
anterior adhesive disc is absent. Ventral 
surface has a big sucker or rows of suckers. 
Single posterior protonephridium is pre- 
sent. Endoparasite with simple life cycle, 
e.g. Aspidogasler y Stichocotyle. 

Order Digeriea . Mostly with two suckers, 
no hooks, single excretory pore is situated 
posteriorly; uterus is long and tubular; 
life cycle is complicated with one or more 
intermediate hosts; chiefly endoparasite, 
e.g. Fasciola , Schistosoma , Clonorchis, 

Glass Cestoda. Endoparasites ; body 
is divided into segments; mouth, digestive 
tract and sense organs are absent; organs 
of attachment in the form of hooks and 
suckers are present; each segment ex- 
cepting the head and neck is provided 
with one or two sets of complete sex 
organs; hermaphrodite, embryo hooked, 
life cycle is complicated. Includes two 
subclasses. 

Subclass Gestodaria. Body is undivi- 
ded; no scolex; one set of reproductive 
structure is present; larva is with 10 hooks. 


Order Amphilirtidea . Proboscis is protru- 
sible; frontal glands are placed at anterior 
end; male and female genital pores poste- 
rior in position; uterus is extensive in 
length and traverses the body, e.g. Amphi - 
lina in the fish, sturgeon. 

Order Gyrocolylidea. Anterior end is with 
eversible proboscis; posterior end is with 
adhesive disc; uterus runs direct to the 
pores, e.g. Gyrocolylc in chimaeroid fish. 

Subclass. Eucestoda. Long; ribbon- 
like; segmented; scolcx bears adhesive 
organs; may be with more than one set of 
reproductive organs in a proglottid; larva 
bears six hooks. 

Order Lecaniccphaloidea. Scolex is diffe- 
rentiated into two parts, upper with disc 
or branches and lower with suckers, e.g. 
Polypocephalus (lives as parasite in elasmo- 
brancli fishes). 

Order Tetraphyllidea. Scolex bears 4 
longitudinal slits called bothridia; often 
with hooks, e.g. PhyUobothriuw (lives as 
parasites elasmobranch fishes). 

Order Proteoccphaloidea. Scolex with 4 
lateral and one apical suckers, e.g. Proteo- 
cephalus (lives as parasite in the intestine of 
fish, amphibia and reptifi*). 

Order Diphyllidea. Scolex is large, 
lobed, neck with 8 rows of hooks. One 
genus, e.g. Echinobothrium (lives as parasite 
in elasmobranch fishes). 

Order Trypanorhyncha. Scolex with four 
lobes or bothridia and spiny protrusible 
proboscis, e.g. Uaplobothrium. 

Order Pseudophyllidea . Scolex indistinct; 
2-6 shallow bothridia; adhesive glands 
absent, e.g. Dibothriocephalus. 

Order Nippotaeniidea. Small; no scolex; 
one apical sucker is present, e.g. Nippo- 
taenia . { 

Order Taenoidea. Scole^ with 4 suckers 
and usually with hooks at $p; sex aperture 
is lateral in position, e.g. Taenia, Echinococ- 
cus , Hymenolepsis. 

Order Aporidea . Scolex with 4 suckers 
and rostellum; no yolk gland, sex ducts or 
pores, e.g. Gastrotaenia (lives as parasite in 
Swan). 



Recently J. Llewllyn (as cited in the Text Book of Zoology — Parker and Haswell Vol. I, 7th Edition, 1972) presented a scheme 
of classification of Phylum Platyhelminthes. The outline of the scheme is given below to give a guide line. 
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GENERAL NOTES ON 
PLATYHELMINTHES 

HISTORY 

Parasitic flatworms are known to man- 
kind from ancient time. Records of some 
parasitic tapeworms have been obtained 
from Egyptian papyrus dating from 1550 
B.G. Mention of bladder-worms and tape- 
worms is common in ancient books of 
medicine. Linnaeus in his Systema Naturae 
(1735) created a phylum Vermes in which 
he included all invertebrates except the 
insects. Appreciation of the peculiar 
nature and structure of platyhelminthes 
was made by Minot (1876). 

HABIT AND HABITAT 

The platyhelminthes are mostly ecto- or 
endoparasitic and few are free-living. 
The free-living ones belong to the class 
Turbellaria and live in fresh water, ponds, 
lakes, streams and springs. Some of them 
are found in shores in tropical and sub- 
tropical regions. Trematoda and cestoda 
are total parasites. In adult stage they 
parasitise vertebrates and in larval stages 
they occur as parasites of the invertebrate 
animals. 

STRUCTURE 

The members of the phylum are usually 
elongated in appearance* The Polyclads 
are broad leaf-like while the tapeworms 
are flat and ribbon-like. The contour of 
the body is simple in general but some 
trematodes offer bizzare contour. The 
bodies of the tapeworms are made up of 
a number of squarish or rectangular seg- 
ments called proglottids . The anterior 
proglottid is smallest and the posteriormost 
proglottid is largest. That means, the size 
of the proglottid increases in the antero- 
posterior direction. The presence of pro- 
glottids imparts in the tapeworms a 
segmented condition. Some sort of pseudo - 
metamerism is encountered in Procerodes 
lobata in which some of the internal organs 
are repeated. 

Anterior and posterior ends as well as 
dorsal and ventral surfaces are easily recog- 
nisable. Often the anterior end is marked 
off from the rest of the body by the pre- 
sence of a ‘head* followed by a constricted 
‘neck’. In some forms definite head is 


lacking but the anterior end can be detect- 
ed by the sense organs or by its being 
directed forward during locomotion. Ven- 
tral surface bears mouth and genital aper- 
tures, when present. 

The sizes of platyhelminthes range 
from microscopic to extreme elongated 
forms as long as 10-15 metres in length 
(Tapeworms). Most of the members are 
of small to moderate dimensions. The 
platyhelminthes in general are colourless 
or white in colour. Free-living forms are 
white, brown, grey or black in colour. 
Some polyclads and land planarians are 
with bright colours arranged in patterns. 

ORGANS OF ADHESION OR SUCKERS 

The platyhelminthes possess a variety 
of organs of adhesion and attachment. 
Acetabulum or sucking organ in the 
form of ‘sucker’ is very common in adult 
flat worms. In flukes, there are two suckers 
on the ventral side of the body. One of 
these suckers is located in the anterior side 
of the body and its position is more or less 
fixed. While the other one called the 
posterior sucker is not constant in position. 
In Paramphistomum the sucker is posterior- 
most in position, in Echinostoma and Fasciola 
the position is shifted more anteriorly. 

In tapeworms the adhesive organs are 
present in the form of grooves or cups and 
are situated at the cephalic end. Often 
hooks are present near these grooves or in 
the eversible buccal chamber to aid in 
anchorage. Suckers also occur in some 
free-living Planaria. 

BODY WALL 

Platyhelminthes lacks exo- or endo- 
skeleton and as such the body is soft. 
The epidermis is single-layered and in 
some cases it is syncytial. The epidermis 
may be ciliated in whole or in part. The 
subepidermal layer consists of muscula- 
ture of circular, longitudinal and oblique 
fibres. The muscle fibres are smooth. All 
the spaces between the organs are filled 
in with packing cells called: parenchyma. 

The hard parts in Platyfijelminthes are 
the hooks and spines. Many earlier workers 
regarded that the body of monogeneans, 
digeneans and cestodes is covered by 
‘cuticle’. Non-ciliation in these forms 
give* the false impression of cuticle under 
light microscopy. But electron micros- 
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xopic studies have revealed the outer 
layer of the body to be epidermis. The 
cells in this layer contain microchondria 
and remain continuous with the under- 
lying cells. 

DIGESTIVE SYSTEM 

Digestive system is absent in the turbel- 
larian order Acoela and in the cestodcs. In 
Turbellaria and Trematoda alimentary 
system is represented by mouth, pharynx 
and intestine which ends blindly and 
as such the entire disposition of diges- 
tive organs closely resembles that of 
anthozoans and ctenophores. The mouth 
in primitive condition is situated at about 
the middle of the ventral line but in many 
flat worms the position is shifted anteriorly 
along the mid-ventral line. Mouth is 
absent in endoparasitic rhabdocoels. 
The pharynx is stomodaeal in nature and 
is a strong muscular tube. It shows varia- 
tion in the phylum. The intestine shows 
wide variation in form. It may be a simple 
sac or may have complicated branchings 
and sub-branchings. Anal openings are 
rarely present. 

EXCRETORY SYSTEM 

Excretory system of platyhelminthes 
consists mainly of longitudinal water ves- 
sels and numerous flames cells or flame 


bulbs or paranephridia. The arrangement 
of water vessels inside the body offers wide 
range of variation. In triclads there are 
two longitudinal vessels which open to the 
outside by numerous pores (Fig. 13.21G). 
The rhabdocoels have two lateral or a 
single median vessels (Fig. 13.2 IE). The 
median vessel opens to the outside by a 
single pore situated at the posterior end 
of the body. In forms where two vessels 
are present the openings are either on the 
ventral side or in the pharynx. In some 
forms the two vessels unite at the posterior 
region and open to the outside by a single 
median aperture. The main nephridial 
canal is extensively branched and there 
are accessory excretory pores besides the 
nephridiopore (Fig. 13.2 IF). In monogenic 
trematodes there are two longitudinal 
excretory ducts and the two ducts open 
separately on the dorsal surface. The 
ducts dilate to form excretory sacs at 
their terminal ends. 

In other trematodes the excretory ducts 
are connected posteriorly to one another 
by a transverse duct and open to the out- 
side by a single median aperture. The 
transverse duct dilates and in some cases 
forms an excretory vesicle. The two longi- 
tudinal ducts may unite with each other 
in the posterior region and may have a 
single opening. 



Fig. 13.21. Showing the excretory organs in different Platyhelminthes. A. A part of nephridia 
showing flame bulb derived from a single cell. B. Flame bulb showing the tip of flame. G. Typical 
flame cell. D. A typical flame cell. Nephridium of Rhabdocoeles (E), Alloeocoeles (F), Triclad 
(G). H. Nephridial plexus of Taenia. I. Excretory organs of Microphallus . 
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In cestodes there are four longitudinal 
excretory vessels. The excretory vessels are 
connected by a transverse vessel situated 
in the scolex to form nephridial plexus 
(Fig. 13.21H) and open in a contractile 
excretory vesicle situated in the last prog- 
lottid. 

RESPIRATORY AND CIRCULATORY SYS- 
TEMS 

These two systems are totally absent in 
the phylum. In some trematodes the pre- 
sence of a system of tubes called lymphatic 
system has been described. The tubes are 
considered to be of uncertain functions. 

NERVOUS SYSTEM 

The main nervous centre or brain is 
located in the head as a pair of cerebral 
ganglia. Several ganglionated longitudinal 
cords arise from the brain. Of these longi- 
tudinal cords a pair becomes most cons- 
picuous and the rest becomes insignificant. 
Numerous transverse connections occur 
between the longitudinal cords and the 
whole nervous system becomes ladder-like 
in appearance. 

Sensory organs as ocelli or eyes are 
present in turbellarians and monogenic 
trematodes. They are numerous in poly- 
clads and two to four in Rhabdococls and 
monogenic trematodes. The eyes arc prer 
sent either as pigment cells or in the form 
of cups containing pigmented and sensory 
cells. Chemo- and tangoreceptors are present 
widely and statocysts occur in Acoela and 
few other forms. 

REPRODUCTIVE SYSTEM 

Excepting a few Turbellaria and Tre- 
matoda, the platyhelminthes are herma- 
phrodites. Male and female reproductive 
organs in each individual are separate and 
open externally by their own pores or by 
a common genital aperture. In some cases 
the gonoducts open into the digestive tract 
and the sex cells are liberated through the 
mouth. In some flat worms an extra 
female pore or vaginal pore which serves 
during copulation is present. The gono- 
pores are usually ventral in position but 
are occasionally dorsal. In tapeworms 
the gonopore is lateral in position. 

Male reproductive organs consist of testes 
which in primitive condition are numerous 
and scattered. The number of testes are 
reduced to one or two in many and in 
Acoela definite gonads and ducts are lack- 


ing. The vasa efferentia 9 when present, 
correspond to the number of testes present. 
In general there is a pair of vasa deferentia 
which unite and open into the compli- 
cated copulatory apparatus. The copula- 
tory apparatus consists of an eversible 
cirrus or a protrusible penis armed with 
spines or hooklets. Various glands are 
associated with it. Vesicle in single or 
paired condition is often present and acts 
as the reservoir for storing sperms. The 
female reproductive organs consist of one 
or two ovaries . The oviducts when paired 
fuse distally and form a common oviduct 
which opens into the copulatory apparatus. 
The copulatory apparatus consists of a sac, 
the seminal vesicle or seminal bursa or copu- 
latory bursa. Various glands which help 
in the formation of egg-shells and produc- 
tion of secretory substances are also asso- 
ciated with the copulatory apparatus. A 
long tubular or branched uterus for the 
purpose of accumulating ripe eggs forms 
a conspicuous part of the reproductive 
system. The female gonads in platyhel- 
minthes is peculiar as it is distinctly 
differentiated in two zones, the ovary 
proper and the yolk or vitelline glands. 
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The yolk is never incorporated into the 
structure of the egg as in the case of other 
animals but it is produced as abortive 
eggs to be included inside the egg 
capsule or shell to provide food for the 
developing embryo. In cestodes the re- 
productive organs arc repeated in each 
proglottid. In young proglottids the 
organs are rudimentary while these are 
highly developed in the gravid ones. 

DEVELOPMENT 

Though hermaphrodite, the practice of 
cross-fertilization is the rule. Fertilization 
is internal and fertilized, shelled eggs con- 
taining embryos are shed to the exterior. 


Acoela and Polyclads lack yolk glands and 
development is direct. In Polyclads a 
free-swimming larva is produced which is 
supposed to foreshadow the Trochophore. 
The larva is called Muller’s larva or Protro - 
chula (Fig. 13.22). It is oval in shape and 
bears eight prominent arms which are 
beset with long cilia forming one contin- 
uous band. General body surface is 
covered with small cilia. The mouth 
aperture is located in the mid-ventral line 
and three eyes exist in the anterior part of 
the dorsal surface. During development 
the ciliated arms are absorbed. In other 
groups the embryonic development is 
greatly modified and complicated. 


SUMMARY 


1. Bilaterally symmetrical, triploblastic and 
dorsovcntrally flattened animals are included in this 
phylum. 

2. Segmentation or metamerism is absent. 

3. Skeletal structure in any form is absent. 

4. Body cavity or coelom in true sense is absent 
and the spaces in between different organs arc 
packed with a peculiar type of tissue called paren- 
chyma. 

5. Definite organ formation has occurred in this 
group but many systems like blcod vascular and 
respiratory are absent. 


6. Flame cells are associated with excretory 
system. 

7. Reproductive system is very well-developed 
and most species are monoecious. 

8. Majority members are parasitic and very few 
arc free-living. 

9. Poor development of some systems and 
enormous development of reproductive organs 
are due mostly to the parasitic mode of life or 
adaptation. 



CHAPTER 14 

Phylum Nemathelminthes (Nematodes) 

This group includes the second largest number of metazoan forms. They are free- 
living or parasitic. Parasitic forms occur both in plants and animals. They exhibit 
a little of structural advancement over platyhelminthes in having insignificant body 
cavity and a complete alimentary canal (Fig. 14.1). 



Fig. 14,1. Nematodes exhibit definite advancement over 
platyhelminthes in having complete alimentary canal. 
Some forms possess a space called coelom in between 
mesoderm layers. 


IMPORTANT FEATURES 

1. Nematodes are unsegmented, bila* 
terally symmetrical and round in cross- 
section. 2. Body is triploblastic and peri- 
visceral cavity is more extensive than that 
in platyhelminthes. 3. Body is generally 
covered with thick cuticle. 4. Alimentary 
canal is provided with distinct mouth 
and anus. 5. Muscular system is well- 
developed. 6. Blood vascular system is 
absent. 7. Excretory system consists of a 
pair of lateral canals opening anteriorly by 
a single pore. 8. Sexes are separate. In 
males anus acts as generative aperture 
while in females the generative aperture is 
situated in the anterior ventral region. 
Sperms cells are amoeboid. 9. Life history 
is generally complex. 

Glassification 

Nematodes exploit diverse habitat. They 
may be free-living or phytoparasitic or 
zooparasitic. Nematodes have been stu- 
died by few Zoologists, as a consequence 
the phylogenetic affinities of this group is 
not well-established. In the 7th Edition 
of the book entitled, “Text Book of 
Zoology — Parker & Haswell; Vol. I” the 


nematodes have been placed in the class 
Nematoda under one of the pseudocoe- 
lomate phyla, Aschelmin-thes because 
of the presence of : 

(i) Pscudocoeloine, 

(ii) Cuticle covering the body, 

(iii) Non-muscular straight gut with a 
terminal anps. 


Example of the Phylum Nemathel- 
minthes — ASCARIS 

It belongs to the phylum Nemathel- 
minthes and class Nematoda. The basic 
structural body plan of the ntematodes is so 
constant that a good grasp- of nematode 
anatomy can be obtained* by studying 
a typical and common ground worm, 
Ascaris lumbricoides , which is found in man. 

Habit and Habitat 

It resides as an endoparasitc in the small 
intestine of man. The worm may migrate 
into other neighbouring channels. The 
parasites are most frequent in tropical 
and subtropical countries. 
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Fig. 14.2. External features of A scaris (after various sources). A. Male. B. Female. C. Enlarged 
view of head end. D. Enlarged view of posterior end of male. 


Structures 

It is milk-white in colour but presents a 
reddish-yellow shade when alive. Female 
worms are larger than the males and are 
further distinguished by the presence of 
separate and independent genital aperture 
situated on the ventral surface at about one- 
third of the body length from the ante- 
rior (Fig. 14.2). Sexes can also be dis- 
tinguished externally by the shape of the 
post-anal portion of the body. The post- 
anal portion in the male is sharply curved 
downwards while in the female it is nearly 
straight. Females arc usually 20-25 cm 
in length and 5 mm in diameter while 
the males are 15-17 cm in length and 
3 mm in diameter. 

The body is cylindrical and tapering at 
both ends. The mouth aperture is anterior 
and terminal in position and is bounded by 
three lips , one median and dorsal and two 
ventro-lateral in position. A little upon 
the ventral side of the posterior end is 
situated the anus which is transverse in 
position and in males it serves also as the 
reproductive aperture. In males a pair of 
needle-like chitinoid bodies project from 
this aperture which are called penial setae . 
A little down the anterior tip and on 
the ventral surface is situated an excretory 
pore . The female genital .aperture is situated 
on the ventral surface at about one-third 
of the body length from the anterior end. 
There is no male genital aperture . The body 
is marked with four longitudinal streaks or 
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Fig. 14.3. Transverse section of Ascaris passing 
through anterior third (A) and through middle 
region of female (B) (after various sources.) 
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lines running along the entire length of the Body cavity 

body. Of these four streaks one is dorsal , The body cavity is not a coelom in 

one is ventral and two are lateral in position, thp tnip sense as it is not lined liv pell 

The dorsal and ven.ral streaks are narrow layer* de “v”d torn the nicrnn Se 

and pure white in living condition while body cavity is lined externally by fibrous 

the lateral ones are thick and brown in processes of the longitudinal muscle cells 

colour. and internally by cuticle encasing the in- 

testine. 


Body wall 

The outer surface of the body is furnished 
by cuticle which is thin, transparent, deli- 
cate and wrinkled transversely (Fig. 14.3). 
The cuticle is secreted by the ectoderm. 
The ectoderm underneath the cuticle forms 
a syncytial protoplasmic layer. Below the 
ectoderm is a single layer of longitudinal 
muscles . The individual cells of the longi- 
tudinal muscles are very peculiar in 
appearance (Fig. 14.4). Each cell is spin- 
dle-shaped, straightened longitudinally and 



Fig, 14.4. Showing the muscle cell in trans- 
verse section (A) and an isolated muscle cell (B) of 
Ascaris . 


bears at the middle a bladder- like mass of 
protoplasm containing the nucleus which 
faces the side of the body. This peculiar 
appearance is due to the differentiation of 
the cell into a contractile and a nuclear 
part. The longitudinal muscle layer is not 
continuous and is arranged into four longi- 
tudinal bands, two dor so- lateral and two 
ventro-lateraL This is due to the fact that 
the ectoderm projects inwards at the 
dorsal, ventral and two lateral sides 
between the muscles to give rise to the 
streaks on the outer surface of the body. 


Digestive system 

The mouth is anterior and terminal in 
position and leads into a straight tube 
which runs along the entire length of the 
body (Fig. 14.5A). The mouth is guarded 
by three lips. Behind the mouth is 
buccal cavity , which leads into pharynx . The 
pharynx is dilated and its wall is muscular. 
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The pharynx draws food from the intes- is an intracellular tubular extension of a 
tinal contents of the host. It leads to the single enormously elongated cell. 
intestine . The posterior part of the intestine 
narrows down to form the rectum which Nervous system 

opens to the outside through anus . The The nervous system consists of a ring 
entire alimentary canal is made up of of nervous matter round the pharynx (Fig. 
single epithelial layer covered internally and 14.5B). The ring is swollen at the ventral 
externally by cuticle ■derived from ectoderm, s id e anc [ j s ganglion-like. The ring gives 
Digestive glands of any kind are absent. off s ^ x nerves the anterior and six nerves 

to the posterior side. Of the posterior 
Excretory system nerves, two arc of considerable thickness 

The excretory system consists of two and run along the dorsal and ventral 
longitudinal excretory canals one through each lines up to the posterior end of the body, 
lateral line (Fig. 14.6A). The two canals The dorsal and ventral longitudinal nerves 
unite with each other al the anterior end are connected with each other by transverse 
and open to the outside through the single commissures. The tip of the ventral nerve 



Fig. 14.6. A. Showing the excretory system and male reproductive system of Ascaris. B. Female 
reproductive system of Ascaris. C. Spermatozoon of Ascaris. D. Egg of Ascaris. 


excretory aperture situated on the ventral cord swells and forms a ganglion just in 
side. Four to six big tufts of cells with front of the anus. 

ramifying protoplasmic processes remain in The only sense organs arc the sensorypapil - 
close contact with the canals. It is believed /^situated as small elevations on the lips, 
that these cells collect, store and pass on 

the waste matter in dissolved state to the Reproductive system ' 
excretory canal. The whole system is The sexes are separate (Fig. 14.6) and 
neither a ciliated one nor there is any there exists a considerable degree of sexual 
flame cell. It is presumed that the canal dimorphism (Fig. 14.2). 
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Male Reproductive Organs. Male re- 
productive organs consist of a single 
thread-like, much-coilcd structure occu- 
pying some portion of the body cavity. 
This structure is differentiated at the an- 
terior region as the testis , the middle region 
as the vas deferens and the posterior region 
as the seminal vesicle . The demarcations 
between these three parts are very poor. 
The seminal vesicle continues as the 
ejaculatory duct and opens into the anus . 
The opening is associated with a pair of 
chitinoid spicules called penial setae , each 
of which is provided with a muscular penial 
sac . The anus, in case of male Ascaris, is 
used for the elimination of faeces as well as 
of sperms and in some way it resembles 
the cloaca of toad. 

The sperms of Ascaris are very peculiar 
as they show amoeboid movement inside 
the body of the female. A ripe sperm is 
cone-shaped in appearance having a broad 
base and an apex (Fig. 14.6G). The apex 
contains the acrosome and the broad base 
contains nucleus and mitochondria. The 
sperms remain non-motile in the male 
gonoduct. 

Female Reproductive Organs. Female re- 
productive organs consist of a pair of 
much coiled thread-like ovaries which pass 
into a uterus. The two uteri unite and form 
a muscular vagina which opens to the out- 
side by the female genital aperture situated 
on the ventral surface at about one-third 
of the body length from the head. 

Life history 

Eggs are produced in huge numbers 
(20,000 a day) and are fertilized in the 
upper part of the uterus while the parasites 
remain in the intestine of the host. After 
fertilization each egg becomes enclosed in 
a chitinous egg shell. 

Liberation of fertilized eggs . Shelled eggs 
without being segmented come out of the 
body of the host along with the faeces. 
Formation of embryo becomes completed 
in about two weeks. 

Infection . Infection is direct, i.e. inter- 
mediate hosts are not involved. Infection 
results from ingesting fully developed 
embryos encased in shells along with food 
or drink. 

Hatching . The embryos are not hatched 
in the stomach and pass on to the intestine 
where they hatch within two hours. 


Hatching is probably due to mechanical 
injury of the shell and is not comparable to 
a biological hatching. 

Transformation to adulthood . A newly- 
hatched larva burrows the intestine and 
enters the lymphatic ducts or veinules . From 
the lymphatic ducts it is carried to the 
mesenteries , lymph nodes and from there to 
the portal vein through circulation. From 
the portal vein the larva comes to the liver 
through hepatic veins. Here they pass 
from interlobular to intralobular veins 
and are carried to the right side of the 
heart from where they are carried to the 
lungs. Development and moulting take 
place in the alveoli of lungs and then they 
come down to intestine through trachea and 
oesophagus. The journey takes about ten 
days and adulthood is reached in about 
two months time. 

Pathogenic effects . Heavy infection pro- 
duces : 

( i ) Volvulus by aggregation and intes- 
tinal obstruction; 

(ii) Obstruction of Eustachian tube; 

(Hi) Appendicitis, Peritonitis, etc. 

OTHER NEMATODES 

WUCHERERIA BAMCROETI. Cau- 
sative agent of the disease elephantiasis in 
which the limbs and other organs grow to 
enormous size (Fig. 14.7). Man is the 
definitive host and for the completion of 
life cycle an intermediate host, a species of 
mosquito is needed. Species belonging to 
genus Culex , Aedes and Anopheles all act as 
intermediate host. The worm is widely 
distributed but the distribution is not even. 
It is more prevalent in coastal areas of 
Africa, Asia and the United States. In 
Asia it is prevalent on the coasts of Arabia, 
India, Malay, Formosa, northern part of 
China and Japan. 

Minute larvae called microfdaria inhabit 
the large blood vessels during day time and 
come to the small vessels-; in the skin at 
night. Microfilaria is abojut 0*2 mm in 
length. The cuticle of rmcrofilaria is thin 
and striated and bears underneath a single 
layer of subcuticular cells.: The head end 
is blunt and bears a clear cephalic space 
and rudiments of adult buccal cavity with 
oral stylet. The caudal end is pointed and 
without nuclei. The body column is pro- 
vided with somatic cells being interrupted 
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at intervals by cellular and nuclear land 
marks. The relative positions of these land 
marks are definite in their body and they 
cause no trouble to man even if numerous. 

When taken up by mosquitoes, the larvae 
pass to the stomach of the insect and then 
to the thoracic muscles. Metamorphosis 
of the larvae occurs inside the muscles and 
metamorphosed larvae enter the proboscis 
of the mosquito. The larvae enter the body 


of man along with mosquito bite and crawl 
to the lymph vessels. They coil up in the 
lymph gland and later mature. Adult 
worms are long and hair-like. Sexes arc 
separate. The male is about 40 mm in 
length and 0‘1 mm in diameter. The 
females are double the size of the males. 
The tail of the male is curved and there 
are two spicules of unequal length. The 
body tapers to a slightly swollen head and 




adult worm (in man) 

Fig. 14.7. Life cycle of Wucliereria bancrofti (after Storer and Usinger). 



Fig 14 8. Various stages of Trichinella. A. Female. B. Male. C. Young larvae. D, Encapsulated 
within muscle. E. Enlarged posterior end of male (after vanous sources). 


17 [vol. I, *76] 
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bearing mouth as a simple pore. The oeso- 
phagus is partly muscular and partly 
glandular. The vulva opens a little behind 
the middle. If both sexes are present, 
they copulate and each female pro- 
duces about 1000 microfilaria. Adults 
obstruct lymph circulation and ultimately 
elephantiasis is produced. 

TRICHINELLA SPIRALIS . It is one 
of the deadliest parasites of man and occurs 
as minute larva encysted in the striated 
muscles of pig, man, dog and cat (Fig. 
14.8). Sexes arc separate, males measure 
about 1 mm and females about 3 mm. 
The worms are viviparous. Cysts enter 
into the stomach of the host along with 
meat, which is not. properly cooked. On 
dissolution of the cyst, larvae are liberated 
into the intestine of the host and in about 
two days they become mature and they 
copulate. The male dies after copulation 
and the female burrows into the intestinal 
wall, releases about 1,500 larvae and 
perishes. The larvae enter lymph spaces 
and then are carried to the skeletal muscles 
by blood stream. They grow, coil up and 
secrete calcified cyst walls round them. 
The disease caused by the parasites is 
called Trichinosis in which muscles become 
swollen, hard and painful. 

ANCYLOSTOMA DUODENALE . Ancy- 
lostoma duodenale , the Old World hook- 
worm is a very common nematode para- 
site (Fig. 14.9) in the small intestine jof 



Fig. 14.9. Development of Ancylostama. A. Fertilized 
egg. B-F. Segmentation. G. and H. Embryo within 
egg-shell . I. Hatching from egg-shell. 

man. It belongs to the family Ancylosto- 
mtdae. The adult worms anchor the wall 
of the small intestine by their anterior ends. 
The mouth is provided with sharp teeth 
by which wounds are afflicted in the 
intestinal wall at the region of attach- 
ment. Through these wounds blood 
comes out and the worms then suck the 
blood by the action of suctorial pharynx. 
Coagulation of the blood is prevented 
by the production of a secretion from the 


mouth which has an anticoagulatory 
property and thus blood is prevented from 
being coagulated. A . duodenale is recorded 
to suck profuse quantity of blood and the 
rate of sucking of blood is recorded to be 
0*8 ml in 24 hours. 

The mature male and female worms 
are different in size and their structural 
constructions are more or less similar to 
that of Trichinella spiralis. One peculiar 
feature is the presence of a pair of pear- 
shaped bodies called cervical glands on 
either side of the pharynx. The function of 
these structures is not known. The adult 
worms measure about 8-13 mm in length. 
The male and the female worms mate in 
the intestine. A single female is estimated 
to produce few thousands of eggs per day. 
The eggs from the intestinal cavity are 
expelled to the exterior with the faeces. 
The eggs in warm and moist places trans- 
form into the larvae, within 24-48 hours. 
The larvae measuring 0*5 mm in length, 
are the infective stages which enter the host 
body by penetrating through the naked 
skin, particularly through foot. The 
larvae then enter the veins and travel 
through heart, lungs, trachea, oesophagus 
and finally reach the intestine. The 
larvae, after reaching here, undergo two 
successive moults and attain maturity in 
due course . 

The hosts infected with Ancylostorna 
become anemic as a result of considerable 
loss of blood from the intestinal wounds 
caused by the hookworms. Besides the 
anemic condition, the hosts become sus- 
ceptible to all diseases, particularly tuber- 
culosis because of the damage done by 
the larvae during their transit from the 
heart to the final abode. As a preventive 
measure the following suggestions can be 
made: 

1. The most important is the sanitary 
disposal of human faeces to prevent pollu- 
tion of the earth. 

2. The hookworm infection can be 
checked by administering tittrachlorethyl 
or hexylresorcinol. 

ENTEROBIUS VERMICtj LARIS. Po- 
pularly known as pinworrrt and infects 
children. The adult worms are very small 
in size and inhabit ‘the intestine, caecum 
and appendix. Sexes are separate. The 
gravid females migrate to the rectum and 
produce itching sensation. Eggs are laid 
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in the rectum and infection occurs by 
bodily transference of eggs. 

DRACUNCULUS MEDINEMIS. Com- 
monly known as Guinea-worm and man 
is its final host. Young ones occur in 
a shrimp-like form of Crustacea called 
Cyclops. The cyclops are ingested along 
with drinking water and the young para- 
sites are liberated into the stomach from 
where they migrate to subcutaneous tis- 
sues. Males measure about 4 cm and die 
after copulation. The females are about 
12 cm in length and gravid females have 
two uteri full of fertilized eggs. For laying 
of eggs the females come to the superficial 
layer of the skin and die after discharging 
<'ggs- 

CLASSIFICATION 

The classification of Nemathelminthes is 
a Herculian job considering the number of 
individuals included in the phylum. The 
classification stid remains in a chaotic 
state. Parker and Haswcll have consi- 
dered it as one of the members of five 
non-coelomate classes of animals. 

CLASSIFICATION IN OUTLINE 

To avoid complexities it is better to 
remain restricted to certain important 
orders: 

Order Ascaroidea, e.g. Ascaris. 

Order Oxyuroidea , e.g. Enter obius. 

Order Strongyloidea , e.g. Ancylostoma. 

Order Fitaroidea, e.g. Wuchereria. 

Order Dracunculoidea , e.g. Dracunculus . 

Order Trichuroidea , e.g. Trichuris . 

CLASSIFICATION WITH CHARAC- 
TERS 

Order Ascaroidea. Large stout nematodes 
residing in the intestine of vertebrates as 
parasites; mouth is provided with 3 promi- 
nent lips; males possess 2 equal or almost 
.equal copulatory spicules; tail of females is 
blunt; oviparous, e.g. Ascaris lumbricoides ; 
Ascaris megalocephala ; Ascaris suilla . 

Order Oxyuroidea . Small to moderate in 
size; parasites of vertebrates; copulatory 
spicules are present in males; tail of 
females is long, narrdw and pointed; 
caudal expansion or alac is present; life 
cycle is simple and revolves round one 
host, e.g. Enterobius vermicularis (Pin- 
worm), Thelastoma. 


Order Strongyloidea . Lips are absent; 
males with two spicules; a true copulatory 
bursa is present, e.g. Ancylostoma duodenale 
(Hookworm) , T richostongylus (Hair- 
worm) . 

Order Filaroidea. Thread-like; moderate 
to large in size; females arc larger than 
males; lips are absent; males with two 
unequal copulatory spicules but do not 
have bursa or caudal alae; oviparous or 
viviparous; parasites of vertebrates and 
with a blood sucking invertebrate as inter- 
mediate host, e.g. Wuchereria bancrofti 
(Filaria), Loa loa (eye-worrn), Onchocera. 

Order Dracunculoidea. Thread-like; fe- 
males are larger than males; spicules of 
males are of same sizes; no bursa in males; 
adult females are with degenerated bursa; 
mostly viviparous, copepods as inter- 
mediate hosts, e.g. Dracunculus medinensis 
(Guinea- worm) , Camallanus . 

Order Trichuroidea. Anterior part, of the 
body whip-like; males with one or without 
spicule; males are either with bursa or 
with cirrus; life cycle simple — no inter- 
mediate host, e.g. Trichuris , Trichinella 
spiralis . 

GENERAL NOTES ON 
NEMATHELMINTHES 

HABIT AND HABITAT 

The Nemathelminthes arc popularly 
known as ‘Round worms’ and sometimes 
called ‘Nemas’. They are among the 
most structurally simple of all worms be- 
cause practically all of them depict materi- 
ally the same basic body plan. Great 
number of nematodes are free-living and 
extend from north to south pole and at the 
same time there exists a formidable array 
of parasit ic forms living both on plants and 
animals. In fact, every plant and meta- 
zoan animal has its quota of nematode 
parasites. The parasitic forms cause un- 
imaginable damage to crop and domestic 
animals. So far as the absolute number of 
nematodes are concerned they are second 
to none than the insects and outnumber 
the insects in the variety of ecological 
nitches they occupy. A* survey of the 
abundance of nematodes in different sites 
gives the following figures: 

(f) Roots of a single potato plant 
contain more than 40,000. 
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(it) Intertidal muddy sand of sea has 
about 5 million/sq. metre. 

(tit) Aerable land has up to 6 billion 
per acre. 

Despite their superabundance in certain 
sites, the nematodes are never conspicuous 
and are not noticed for the reason that 
majority of them are of microscopic sizes. 

Free-living nematodes arc saprozoic 
and feed on plant and animal remains. 
Some feed on yeast and bacteria. Few 
members prey on small protozoa and 
rotifers. Parasitic forms are provided 
with spines or teeth around the mouth 
which are used in piercing. None of 
the nematodes can engulf large parti- 
cles. And in all essentialities they are 
microphagus or juice feeder. The food 
habits of nematodes offer an opportunity 
to visualise evolution in action because 
with little imagination one can easily rea- 
lise how saprophagus and herbivorous 
forms have given rise to plant parasites 
and saprozoic types have been evolved 
into animal parasites. 

The nematodes exhibit maximum 
tolerance of environmental variations. 
They possess the power to withstand 
extreme cold, heat and dessication. 
The vinegar eel ( Turbatrix aceti) living in 
vinegar (5% acetic acid) can thrive 
successfully up to a concentration of 14% 
acetic acid. Living nematodes have 
emerged from mosses which have been're- 
wetted after keeping them dried for about 
5 years. The shelled eggs are much more 
resistant and remain viable for years. The 
eggs of Ascaris can withstand prolonged 
immersion in 12% formaldehyde, satura- 
ted solutions of mercuric chloride and in 
many toxic salts. Embryonic stages are 
usually less resistant. 

STRUCTURE 

There exists a considerable similarity of 
organisation and shape in different nema- 
todes. General shape of the body as the 
name implies is round, cylindrical and 
tapering at both ends. The length usually 
varies from 0’4 m (Ascaris) to 1 m (Dra- 
cunculus). The largest of all nematodes is 
Placentonema gigantissima. The females of 
this species attain a length of 8’5 m, the 
diameter being 2*5 cm and they parasitise 
the placenta of sperm whales. The females 
of all nematodes are generally larger than 
the male. 


BODY WALL 

On the outer surface of the body wall 
there is a cuticle which is hard and flexible. 
It is resistant to many solvents and gastric 
juices. Next to the cuticle lies the ecto- 
derm. In some forms like Ascaris the ecto- 
derm is represented by a syncitial proto- 
plasmic mass. Beneath the ectoderm only 
longitudinal muscles are found. The indi- 
vidual cells of the muscle fibres are very 
peculiar. They are elongated and may 
reach a length of 10 mm. One end of the 
cell is contractile while the other end which 
houses the nucleus is non-contractile. The 
non-contractile part keeps contact with a 
nerve fibre. The longitudinal muscle 
layer is not continuous and is arranged into 
four longitudinal bands. Two of these 
bands are dorso-lateral while the other 
two are ventro-lateral in position. 

In some free-living species the ectoderm 
bears unicellular glands. These glands 
help the animals to attach themselves to 
the substratum. 

BODY CAVITY 

Body cavity is not a true coelom be- 
cause it is not lined by epithelial layer 
derived from mesoderm. Some workers 
have called it 4 Pseudocoelom 9 . According 
to them, the absence of Ttiesenchyme in 
between the body wall and digestive tract 
has stood in a good way for the evolution 
of a more organised digestive system. The 
pseudocoelom is filled w r ilh a fluid and 
the fluid acts as a ‘hydrostatic skeleton*. 

DIGESTIVE SYSTEM 

Digestive tract is complete. The mouth 
is situated at the anterior end of the body 
and remains surrounded by lips. In the 
basic plan there are six lips. But as seen 
in Ascaris the number of lips is reduced to 
three due to fusion. In sojne forms there 
may be many lips due tq splitting. The 
mouth leads to a buccal ca|psule. The cap- 
sule is cuticular and the iijner wall of the 
capsule in some cases fortns plates. The 
capsule may house three |or more teeth. 
In some cases a hollow ‘Stylet 9 is formed 
inside the capsule by the fusion of these 
teeth. The buccal capsule leads to the 
pharynx. The pharynx, like the buccal 
capsule is also cuticular. The lumen of the 
pharynx is triangular. The pharyngeal 
wall is a syncytium of radial muscle 
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fibres and the wall contains many onc- 
celled glands. In some, the pharynx 
acts as a sucking apparatus. Pharynx 
leads to the intestine. Intestine is straight 
and is made up of a single layer of epithe- 
lium. Rectum is short and opens into the 
anus. The anal opening is on the ventral 
surface of the posterior end of the body. 


most advanced forms anterior elonga- 
tion of the excretory tubule has been 
lost resulting an inverted TJ 9 -shaped 
system. The evolution of ‘IT-shaped 
excretory system from Renette cells is en- 
countered during the embryonic develop- 
ment of many parasitic nematodes (Fig. 
14 . 10 ). 



Fig. 14.10. Showing the evolution of inverted ‘U’-shapcd excretory system from Renette cell. 
A. Renette cell. B and G. ‘H’-shaped in intermediate forms due to tubular outgrowths from the 
cells. D. Inverted ‘U’^shaped due to degeneration of the anterior prolongation of the tubules 
(after Finger uaon). 


The anus is cuticular and in some forms 
like Ascaris it acts as a cloaca in males 
only. The intestine is much reduced in 
Merrnis . Feeding habits of nematodes are 
variable. Free forms may be herbivorous, 
carnivorous or saprophagous. Parasitic 
forms live on the nutrients inside the 
host’s intestine or in the blood and dis- 
integrated tissues of the host. 

EXCRETORY SYSTEM 

Excretory system of nematodes is very 
different from other animals as it does not 
show any phylogenetic relationship to the 
protonephridial system of platyhelminthes 
or to the excretory system of any other 
higher phylum. The pseudocoelom in 
primitive forms houses a very peculiar cell 
called ‘Renette cell’. It is a glandular 
cell with a tubular neck. In primitive 
forms a pair of such cells open to the 
exterior through the excretory pore situat- 
ted on the ventral surface of the anterior 
end. It is believed that the prevailing type 
of excretory system in advanced nematodes 
is an evolutionary outcome out of th^ 
primitive Renette cell. Bilateral arrange- 
ment of these cells together with tubular 
outgrowths from the cells has given rise 
to a ‘H’-shaped system in some interme- 
diate forms like Oxyurida, Ascarida. In 


RESPIRATORY AND CIRCULATORY SYS- 
TEMS 

There is no special organ or organ system 
for respiration and circulation. The cuticle 
serves as the respiratory surface. Few 
intestinal parasite like Ascaris can live on 
oxygen in young stage but in adult stage 
they get oxygen by anaerobic splitting of 
nutrient materials present inside the intes- 
tine of the host. To send the cndproducts 
of digestion tu the cells of the body wall 
and other parts there is no special organ 
for circulation. Endproducts of digestion 
are absorbed by the intestinal epithelium 
and from there they are passed onto the 
fluid of the pseudocoelom. From the fluid 
of the pseudocoelom nutrient materials 
reach the cells of the body wall. 

NERVOUS SYSTEM 

The nervous system is of simple type and 
consists of a ‘brain’ or nerve ring from 
which nerves extend to the anterior and 
posterior parts of the body. The nerve 
ring is present round the pharynx and is 
formed by two lateral pairs of ganglia. 
From the ganglion a ventral nerve cord 
extends along the mid-ventral line and 
ends in a ganglion above the anus. Dorsal 
motor nerve and three pairs of lateral 
sensory nerves are also present. 



262 


BIOLOGY OF ANIMALS 


REPRODUCTIVE SYSTEM 

In nematodes sexes are separate. Adult 
males are smaller in size than the females 
and in most males the posterior end of 
the body is curved. Male reproductive 
system consists of a single thread-like much 
coiled structure. The anterior part of the 
coil forms the testis, middle part forms the 
vas deferens and posterior part forms the 
seminal vesicle. The seminal vesicle con- 
tinues as the ejaculatory duct and opens 
into the anus. Inside the anus there is a 
pocket which contains a pair of eversible 
penis spicules. That means there is no 
male gonoporc. The sperms are cone- 
shaped and have a broad base and 
a tapering apex. The sperms show 
amoeboid movement inside the body of 
the female. 

The female reproductive structures con- 
sist of a pair of ovaries, a pair of oviducts 
and a pair of uteri. The two uteri unite 
to form a vagina which opens to the 
outside by a single female genital aperture 
situated on the ventral surface of the 
body. In Trichinella, the female repro- 
ductive structure is single. 

DEVELOPMENT 

Eggs are fertilized in the vagina of the 
female. Soon after fertilization the eggs 
become enveloped by three membranes — 
an outer albuminous covering, a middle 
chorionic covering of chitinous nature and 
an inner vitelline membrane. In hook- 
worms the outermost layer is absent. 
Cleavage is of determinate type. In Ascaris 
the first cleavage divides the egg into a 
somatic cell and a germ cell. Blastula is a 
coeloblastula. Epiboly is the usual mode 
of gastrulation. In Ascaris and Trichuris 
fertilized eggs leave the body of the mother 
and host before segmentation. Segmenta- 
tion starts outside the body and later on it 
becomes infective. In Enterobius the eggs 
leave the body of the mother and host in 
segmented condition. In Ancylosloma , the 
eggs leave the body of the mother and 
host in partially segmented condition. 

PARASITIC ADAPTATION 
IN HELMINTHES 

Adaptation to environments is one of the 
dynamic features of living organisms. Of 
the different categories of adaptations, 
parasitic adaptation is important since it 
presents a peculiar condition in which a 


fortituous free-living existence is altered 
to one in which protection from enemies 
and a good supply of food are guaranteed. 
This parasitic adaptation has brought 
about profound modifications in the hel- 
minthes. 

Transformation from external to in- 
ternal 

Parasitism undoubtedly began as a 
chance of contact of one organism with 
another. Sooner or later the guest began 
to partake the food procured by the host, 
becoming more and more dependent on 
such food and in many instances became 
gradually changed from an ecto- to endo- 
parasite. 

Two important aspects of parasitism 
as encountered in the helminthes 

The structural arid functional modifica- 
tions in parasites depend on the degree of 
parasitism. In a successful parasitic group 
of animals the modifications run in two 
distinct directions -one leads to loss or 
degeneration while the othei leads to 
gain or new attainment. 

A. Degeneration 

The degeneration in helminthes parti- 
cularly involves the locomotor and diges- 
tive organs. As the parasites live on the 
digested or semidigested food of the host, 
their organs of locomotion and alimenta- 
tion have become simplified. They are 
mostly useless. 

( 1 ) Organ of locomotion 

Total reduction of locomotor organs is 
observed in adult except in the free-living 
larval phase when the ectoderm becomes 
ciliated, e.g. Miracidium and Hcxacanth 
of flatworm. 

(2) Organ of alimentation 

(a) Total disappearance jn the adult 

tapeworm ; , 

( b ) In the hermaphroditic* adult trema- 
tode it consists of a blind gilt; 

(c) In Redia stage it is furtner simplified 
^pnd completely eliminated ip the Sporo- 

cyst stage. 

« 

B. New attainment 

(I) Integument . The integument covering 
the body of helminthes has become greatly 
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modified to serve following three impor- 
tant functions: 

(a) Absorption. The phenomenon of 
absorption is str iking in larval stages which 
develop in the lymph spaces of mollusca or 
in blood stream, muscle fibre or muscula- 
ture of vertebrates (Cysticercus, Trichi- 
nella) and in the adult blood flukes in the 
hepatic portal system and in various species 
of liver flukes in the bile tract. In these 
cases, the entire integument becomes thin 
and undoubtedly serves partly or fully as 
a means for food absorption. 

(b) Protection against the digestive 
Juice of the host. In the case of the larval 
flukes which have to pass through stomach 
in order to reach the bile passage for fur- 
ther development — a cyst capsule is pro- 
vided as a protection against the digestive 
juice. 

Certain Amphistomes (in Ruminants) 
and Gnathostomes (in cats, dogs and 
horses) remain attached to the stomach 
wall. They .'.’re pio^ided with thick resis- 
tant integument impregnated with chitin- 
like substances of impermeable nature. 

(c) Protection against abrasion. 
Many trematodes living in the intestinal 
tracts are provided with spinous integu- 
ment to guard against the abrasive action 
of the food and roughage passing through 
the gut. These spines may be. of accicular , 
dentate or placoid types and arc rooted into 
the subintcgumcntal layer. 

The oriental liver fluke Clonorchis sinensis , 
which was probably an intestinal parasite 
before it became a bile duct inhabitant, 
possesses a spinous integument during its 
larval phase — in fact until it becomes 
safely located in the bile passage. 

(2) Modification for attachment. Essential 
prerequisite for parasitic life is the posses- 
sion of suitable mechanism to attach 
strongly with host body. 

Following modifications for attachment 
are often encountered: 

( a ) Acetabulum or sucking organ. 
Found in all the adult flatworms which 
parasitise man. 

(i) In the flukes it consists of two suckers 
on the ventral side of the body — one 
anterior and the other posterior to it. 

( ii ) In the case of human tapewarm, it 
consists of either sucking tongue or groove, 
or four cups at the cephalic end of the 
worm. 


( b ) Hooks. In some tapeworms and 
nematodes, hooks are situated in or 
around the anterior end. 

( i ) In Taenia, hooks are arranged in 
double circlet at the base of rostellum. 

(ii) In the dog tapeworm, it occurs in 
several rows around the proboscis which 
may be everted. 

(Hi) Hooks are often provided with series 
of teeth and are placed in the buccal 
capsule. 

(iv) In Macracanthorhyncus sp. a buccal 
armature of tooth-like structure is present, 
which serves for tissue aberration and 
anchorage. 

( i c ) Glands. In some of the helminthes 
there have been developed in the vicinity 
of mouth, secretory glands which serve in 

(i) anchorage in favourable habitat, and 

(ii) aid in food supply. 

(Hi) In trematodes these glands are more 
common in the Cercarial stage and serve 
the purpose of penetration to host tissue 
by elaborating histolytic substances. 

(iv) In hookworms — there ate glands in 
buccal region which are supposed to have 
anti-coagulative property. 

(3) Modification for reproduction. The most 
conspicuous elaboration in organs and 
tissues in the helminthes is that of the 
reproductive system. 

(a) Both Platy- and Nemathelminthes 
have large part of their body mass occu- 
pied by these organs and their products. 

(b) The adult flatworms, with few ex- 
ceptions, are hermaphrodite. 

(c) The roundworms are dioecious. 

(d) Adult flukes and tapeworms have 
particularly complex reproductive organs. 
In both the groups, cross-fertilization, 
which was formerly the rule and is still a 
possibility, has been superseded by self- 
fertilization. 

(e) In tapeworm, instead of a single 
body unit, there are multiple segments — 
proglottids, each one is sexually com- 
plete in itself. 

C The Unaltered systems. Two sys- 
tems of organs — the nervous and excre- 
tory, have remained almost unchanged. 
However, the excretory system in the case 
of flatworms has undergone some insigni- 
ficant changes. 
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Greatest modifications among the hel- 
minthes have been encountered in such 
forms that reside in the blood or 
lymph systems (blood flukes and filarial 
worms) or in the muscular tissue (Trichi- 
nella) or forms that attach to the perito- 
neum (Hydatid cyst). They have been 
reasonably designated as old parasites 
while those forms which live in mouth 
or bladder of the host or on the body sur- 
face (Monogenic trematodes) have been 


termed young parasites as demonstrated 
by their relatively slight modifications from 
the prototypes of the group. 

Viewing the groups of parasitic helmin- 
thes as a whole with respect to successive 
stages of adaptation which they have un- 
dergone and are undergoing, one is able to 
appreciate the vastness and ptofoundness 
of the principles of adaptations and at the 
same time how marvellously the parasitism 
has become successful in helminthes. 


SUMMARY 


1. Nemathelminthcs stand second as regards 
the number of individuals in a phylum. Some 
workers have placed diverse type of nematodes in 
the class Nematoda under the phylum Aschel- 
minthes. The members of the phylum are free- 
living as well as parasitic. 

2. They are adapted to diverse habitats. 

3. The basic body plan in all nemathel- 
minthes is almost similar. 

4. Nematodes are round, thread-like, unseg- 
mented and bilaterally symmetrical. 


5. Body is covered over by a thick cuticle. 

6. Body cavity is a pseudocoelom. 

7. Cilia in any form are absent. 

8. Alimentary canal is complete, straight and it 
begins in mouth and ends in anus. 

9. Sexes are separate. Females are larger than 
the males. In males the anus also acts as the gene- 
rative aperture. 

10. Classification of Nemathelminthcs is in a 
chaotic state. 



CHAPTER 15 


Phylum Annelida 

This is a widely distributed phylum having great diversity in form and structure. 
Many annelidan features like segmentation, nephridia, etc. form the basis on 
which the interpretations for the evolution of structures of still higher forms rest 
(Fig. 15.1). 



Fig. 15.1. Annelids are triploblastic coelomate metazoa in which the body is metamerically 
segmented, i.e., partitions split the body into compartments, both internally as well as externally. 


IMPORTANT FEATURES 

1. In annelids the body is cylindrical 
and elongated. 2. The body is made up of 
metamercs or segments and the segments 
are usually marked both externally and 
internally. 3. The body cavity is a true 
coelom. 4. A system of blood vessels is 
present in most forms. 5. Excretory organs 
are metamerically arranged pairs of coiled 
tubes called nephridia. 6. The animals are 
often provided with coelomoducts which 
are channels for the outward passage of 
reproductive elements. 7. Nervous system 
is well recognised and in most cases it 
is represented by cerebral ganglia and 
double ventral nerve cord with segmentally 
arranged ganglia. 

CLASSIFICATION IN OUTLINE 

Phylum Annelida includes three classes: 
Chaetopoda , Hirudinea .and Archiannelida. 
Myzostomidae is considered as an appen- 
dix to the class Chaetopoda while Echiu- 
rida and Sipunculida are appendices to 
the phylum Annelida. 


Example of the Phylum Annelida — 
NEREIS (NEANTHES) 

Habit and Habitat 

Nereis is a member of the class Chaeto- 
poda. It is a marine animal. It lives on 
the seashores at the intertidal zone. 
Throughout the world they are seen in 
innumerable number under crevices in 
sands and stones or within sea-weeds. The 
type which is described here is known as 
Nereis dumerilit. 

External Structures 

The body is approximately 7-8 centi- 
metres in length. The colour is light violet 
and the regions of the body which are 
richly supplied with blood vessels appear 
reddish. The glittering appearance of the 
surface is due to the intersection of two 
sets of fine lines. Th<j " animal is long, 
narrow and cylindrical (Fig. 15.2), The 
body is divisible into about 80 segments or 
metameres and a distinct head is present at 
the anterior end. All the segments excepting 



266 


BIOLOGY OF ANIMALS 


the head and the last segment bear 
laterally placed, muscular and movable 
paired appendages called parapodia (Sing. 
Parapodium). The terminal segment is 



Fig. 15.2. External features of Nereis —dorsal 
view (after Bloom and Krekelcr) . 


termed as the anal segment and it bears at 
its posterior end a small round opening, 
the anus or pygidium. Anal segment bears 
a pair of anal cirri. On the ventral surface 
and near the base of the parapodium lies a 
nephridial aperture. Thus a pair of 
nephridiopores is present in each para- 
pod ial segment. 

Structures in the head. The head is 
divisible into two parts: prostomium and 
peristomium (Fig. 15.3). The prostomium 
bears following structures. 

( 1 ) Prostomial tentacles — paired, 
cylindrical, small and placed in front. 
(2) Palp — paired, elongated and compact. 
Located after the tentacles. (3) Eyes — 
two pairs, round, pigmented and present 
on the dorsal side of the head. 

The peristomium carries (1) peristo- 
mial tentacles — four pairs, long, slender, 
cylindrical and laterally placed. (2) 
mouth — present on the ventral side as a 
transverse aperture. 

Structures of the parapodium. All 
the segments excepting the first and the 
last segment bear on cither lateral side a 
fleshy, Hat and hollow parapodium. Larg- 
est parapodia are encountered in the 
middle segments of the body, then the size 
of the parapodia decreases towards the two 
ends. Each parapodium is birainous in 
nature. It consists of a basal part and two 
distal parts — (1) dorsally placed notopodium 
and (2) ventrally placed neuropodium (Fig. 
15.4). Both these parts are subdivided 
into lobes and both of them carry pack of 
needle-like structures called setae (sing. 
seta) which project beyond the lobes. The 
dorsal and ventral sides of the parapodium 
bear small, tentacle-like, cylindrical ap- 
pendages, called dorsal and ventral cirrus 
respectively. The ventral cirrus, situated 
ventral to the neuropodium is smaller 
than the dorsal cirrus situated dorsally on 
the notopodium. } 

Seta. The setae are stift| needle-like 
chitinous rods which remain in bundle 
within a sac in the skin. The $ac is known 
as setigerous sac. The entire ^bundle inay 
be moved in various directions with the 
help of muscles. One of the $ctae in each 
bundle is long, rodjlike and dark in colour. 
It is known as aciculum and it projects on 
the surface. Each seta consists of a basal 
shaft with which articulates a terminal 
blade . Three types of setae are seen (Fig. 
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parapodium jaws pharynx brain 



Fig. 15.?. Lyp'.t row, Magnified view of the head of Nereis. A Pharynx in usual position. 
K. Pharynx everted during feeding, fewer row , Diagrammatic sectional view of the head to show 
the disposition of pharynx during retracted (Ad and everted (B t ) condition (after various 
sources) . 


15.5). (1) In one type the shaft is oar- 
shaped. (2) In the second type shaft is 
slender and the blade in narrow, straight 
and elongated. (3) In the other type the 
shaft is comparatively thicker and the 
blade is small and curved. 

Body wall 

The body wall is divisible into (a) cuticle, 
(b) epidermis, (c) muscle layers and (d) parietal 
epithelium (Fig. 15.6). The details of each 
part is discussed below: 

(a) Cuticle. It is thin, slightly brittle 
and chi lino us having a network of fine 
lines on the external surface which renders 
an ‘iridisccnt lustre’. Number of minute 
openings are present on the cuticle 
through which the epidermal glands open 

■ to the exterior. 

(b) Epidermis. This is formed by a single 
layer of cells. It is more thick on the 
ventral side specially near the parapodial 
joints. The dorsal side of the epidermis is 
richly supplied with blood vessels. Number 
of ‘twisted’ unicellular glands are present 
specially on the ventral side. 

(c) Muscle layers. The outer mus- 
cular layer is circularly arranged and the 


inner layer runs longitudinally. The longi- 
tudinal muscles are present in four 
bundles — two are dorso-lateral and the 
remaining two are ventro-lateral. The 
circular muscles of dorsal and ventral sides 
are interconnected by two strands of 
oblique muscles . 

(d) Parietal epithelium. It is a part 
of the coclomic epithelium which lines the 
outer wall of the coelom or body cavity. 
It is made up of a single layer of cells. 

Body cavity or Coelom 

The body of Nereis in transverse section 
looks like a tube within a tube. The wall 
of the outer large tube is the body wall and 
the wall of the inner small tube is the gut 
wall. In between the two walls, }ies a 
spacious cavity called coelom or body 
< avity, which is filled up with a fluid. 
The coelom is thus lined externally by 
parietal epithelium (inner layer of the outer 
tube) and internally by visceral or splanchnic 
epithelium (outer layer of the inner tube). 
The coelom is divided iirto compartments 
by transverse partitions' called septa . The 
wall of* each septum is perforated through 
which coelomic fluid communicates from 
one chamber to the other. 
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Fig. 15.4. Structure of para podia — A. Nereis . 

B. Heteronereis stage. Note the modification 
of parapodiuin in heteroncrcis stage for swim- 
ming (after Kaestner). 

Digestive system 

The alimentary canal begins from 
mouth and runs straight to end in another 
aperture called anus. The presence of two 
openings (mouth and anus), for inlet and 
outlet respectively, shows a marked ad- 
vancement over platyhelminthes where 
only one aperture served the double 
purpose. The gut wall exhibits following 
histological structures — (1) outer visceral 
epithelium ; (2) next one layer of longitudinal 
muscles followed by another layer of circular 
muscles; and (3) innermost layer of enteric 


epithelium » The alimentary canal consists 
of following parts : 

(a) Mouth. It is present on the ventral 
side of the peristomium as a transverse 
aperture and opens to the buccal cavity. 



Fig. 15.5. Different types of setae — A. Oar- 
shaped seta. B. Typical seta. C. Long bladed 
seta (after various sources). 


(b) Buccal cavity. It is a broad 
chamber with cuticular lining. The cuti- 
cles have been thickened to form teeth or 
denticles or paragnaths. The buccal cavity 
leads into the pharynx. 

(c) Pharynx. It extends up to the 
fourth segment and is also lined internally 
by cuticle. One pair of cuticular teeth are 
enlarged to form jaws at the posterior 
end of pharynx. The jaws 4 rc extended 
along the longitudinal axis jpf the body 
and are round at the base anjid pointed at 
the apex. The base is provided with 
muscular attachment while tlfe inner edge 
of the apex is serrated. Special bands 
of protractor and retractor j muscles are 
present in the pharyngeal region. The 
protractor muscles evert the buccal cavity 
and pharynx as proboscis and the retractor 
muscles withdraw it. The pharynx leads 
to the oesophagus. 
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Fig. 15.6. Diagrammatic view of different structures in a segment of Nereis. Left side of the 
figure depicts an entire parapodium and the remaining part is shown in cross-section (after 
various sources). 


( d ) Oesophagus. It traverses through 
next five segments and receives a pair of 
large glandular caeca. The oesophagus 
communicates with the intestine. 

( e ) Intestine. It is a more or less 
straight tube which is constricted at each 



segment. The constrictions are intense at 
the posterior end. 

(/) Rectum. In the last segment, intes- 
tine continues as rectum. It is lined inter- 
nally with cuticle and opens to the exterior 
through an aperture called anus. 

Developmentally, the buccal cavity, 
pharynx and rectum originate from the 
ectoderm which also forms the outer 
covering. And for this reason, like the 
outer wall, these are also lined by cuticle. 

Mechanism of Feeding. Nereis is car- 
nivorous and devours small animals like 
Crustacea and small molluscs. It seizes 
the food by means of jaws and teeth. 
The entire bucco-pharyngeal region du- 
ring* capture of prey, is everted out. The 
eversion is caused by the pressure of coe- 
lomic fluid and contraction of protractor 
muscles. When this happens the buccal 
cavity becomes turned inside out while the 
pharynx is thrown forward so that the jaws 
are opened and come to lie in front of the 
head. The folding in of the buccal cavity 
and pharynx is caused by contraction of 
retractor muscles and relaxation of pro- 
tractor muscles. Another type of Nereis 
(, Nereis diversicolor) exhibits two different 
mechanisms of food-capture. Sometimes 
the animal comes out of" its burrow and 
ingests small and nutritious particles from 
the surface of mud. On other occasions, 
it remains within the burrow and secretes 
mucus. Then by the undulations of the 
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body it draws a current of water into the 
burrow. The mucous cone acts as a sort 
of net where small particles carried in 
with water are strained off. Then, at 
intervals, the animal engulfs the net. 

Respiratory system 

Gills are absent in Nereis. The func- 
tion of respiration is taken over by the 
lobes of parapodia and dorsal integument. 
For this reason, these regions are richly 
supplied with blood vessels. The physio- 
logy of respiration is known in Nereis 
virens. It lives at a depth of 20-30 cm and 
in almost oxygen-free sand. The animals 
draw' water by producing water current 
while gaseous exchange takes place 
through the vascularised regions of the 
parapodia. When the oxygen pressure in 
surrounding water is equal to the oxygen 
pressure of blood, gaseous exchange 
ceases. This arrest of respiratory exchanges 
is possible by restricting the blood flow 
only to the dorsal and ventral vessels. 
Nereis draws nearly 75% of the oxygen 
from water. 

Circulatory system 

Blood of Nereis is red in colour. 
The constituents of blood are plasma 
and corpuscles. Haemoglobin remains 
dissolved in plasma and its quantity is 
8-9 mg per cubic millimeter. The blood' 
flow's through definite blood vessels (Figs. 
15.8 & 15.9). The chief blood vessels are: 

A. Longitudinal vessels. There are 
three longitudinal vessels running along the 
entire length of the body. These are — 

1. Dorsal blood vessel. This vfcssel 
serves as the main collecting vessel and runs 
mid-dorsally from one end of the body to 
the other end above the alimentary canal. 


It carries blood from posterior to anterior 
end. 

2. Ventral blood vessel. It is the main 
distributory vessel running mid-ventrally 
from one end of the body to the other 
below the alimentary canal. It conveys 
blood from anterior to posterior end. 

3. Neural blood vessel. This is a 
delicate longitudinal vessel accompanying 
the ventral nerve cord. 

B. Transverse or commissural vessels. 
The dorsal vessel is connected to the 
ventral vessel in each segment by two pairs 
of transverse vessels. But this link is not 
direct. Transverse vessels originating from 
the ventral vessel first give off branches to 
the parapodia, alimentary canal and ad- 
joining parts. Some of these branches 
ramify to form networks of fine vessels 
inside the parapodial lobes and in the in- 
tegument of the dorsal surface. Then from 
these extensive capillary networks, stout 
vessels are formed which open into the 
dorsal vessel. 

G. Segmental intestinal vessel. The 
ventral vessel gives off two pairs of intes- 
tinal vessels in each segment to form capil- 
lary network in the gut wall. From there 
blood is returned to the dorsal vessel 
by another two pairs of intestinal, vessels. 

Mechanism of blood circulation 

Blood remains in constant circulation 
through the vessels by means of contrac- 
tions which are peristaltic in nature. Waves 
of contractions transmit along the walls of 
the vessels to drive the blood. A series of 
ring-like muscle fibres round the w^alls of 
the blood vessels at short intervals aid in 
contraction. The contractions of the 
dorsal vessel are the most powerful. 
Dorsal vessel is the main collecting 
vessel and blood Jflows through it from 
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Fig. 15.8. Circulatory system of Nereis, 
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Fig. 15.9. rep recent, ition of blood circulation in a segment of Nereis (after Kacstncr). 


posterior to anterior end. Whereas the 
flow of blood is in opposite direction 
through ventral vessel and by transverse 
and intestinal vessels it sends blood to the 
different parts of the body. 

Excretory system 

The excretory system consists of series of 
metamerically arranged paired tubes 
called nephridia or segmental organs. They 
are absent in the anterior and posterior 
segments. A nephridiurn is made up of 
three parts: (< 7 ) the body , (b) anterior pro- 
longation of the body and (< c ) coiled ciliated 
lube. 

(a) Body. The body is irregular in 
outline, oval in shape and lies at the base 
of the parapodiuin in a transverse fashion. 

(b) Anterior prolongation. It is a 
continuation of the inner end of the body. 
The narrow prolongation is almost equal 
in 'length to the body and runs forward and 
inward to become attached to mesentery. 

(c) Coiled ciliated tube. The coiled 
ciliated tube is housed in the body cavity 
and is the anterior prolongation of the 
nephridiurn (Fig. 15.10). 

The external opening of the tube is 
called nepliridiopore. It is a small, circular 
opening on the ventral surface of the body 
and at the base of the ventral cirrus of the 


parapodiuin. The diameter of the aperture 
may be extended or contracted. The 
nepliridiopore leads into the tube which is 



cih .ted for the most part. The tube extends 
up to the tip of anterior prolongation and 
then takes a sharp turn to run into the 
body of nephridiurn. Inside the body, the 
tube follows a zigzag course and ultimately 
passes through the anteriqf prolongation 
to open as the nephrostome into the preced- 
ing segment. The nephrostome is funnel- 
shaped and its border is beset with a num- 
ber of narrow ciliated processes. 
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Dorsal ciliated organs. Each seg- A. Central nervous system. It includes : 
ment bears on the dorsal surface specially (1) Cerebral ganglia or brain. It is 

developed ciliated tract of coelomic epi- present in the prostomial region as a 

thclium in the form of short funnels with- large bilobed mass (Fig. 15.11 A). The 
out external aperture. These are called brain contains specialised cells, which pro- 
dorsal ciliated organs . The specific role of duce hormone to speed up regeneration, 
these structures are not clearly understood. It has also been experimentally demons- 

Some believe that they are excretory in trated that extirpation of brain leads to 

function while others consider them as precocious sexual maturity. (2) Oeso- 
genital ducts of temporary nature. phageal connectives. Two stout nerves, 




Fig. 15.11. A. Nervous system at the anterior region of Nereis (after Parker and Haswell). 
B. Sectional view of an eye of Nereis (after Kacstncr). 


Nervous system each originating from the posterior region 

The nervous system of Nereis consists of of the brain turn around the two sides 
(A) Central nervous system , (B) Visceral of the mouth and unite on the ventral 

nervous system and (G) Sense organs . wall of the pharynx. (3) Ventral nerve 


i 
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cord. It originates from the ventral side 
of the pharynx, i.e. the region where two 
oesophageal connectives meet, and it runs 
posteriorly along the mid-ventral line. 
The ventral nerve cord is formed of two 
separate cords which are enveloped by a 
common connective tissue sheath. Along 
its path, the cord possesses a ganglion in 
each segment. The individual ganglion is 
also formed by the fusion of two ganglia. 
(4) Peripheral nerves. These are nerves 
given off by brain, oesophageal connec- 
tives and ganglia of the ventral nerve cord. 
From brain, nerves are supplied to the 
tentacles, palpi and eyes. The oesophageal 
connectives supply branches to innervate 
peristomeal tentacles. The ganglion on the 
ventral nerve cord sends nerves to the 
various parts of the corresponding segment. 

B. Visceral nervous system. In addi- 
tion to the nerves belonging to the central 
nervous system, another set of nerves is 
given off from the brain. These fine nerves 
with ganglia innervate the anterior part of 
the alimentary system. It is known as 
s tomato gastric or visceral nervous system. 

C. Sense organs. Following sense 
organs are present in Nereis: 

( a ) Eyes. There are two pairs of eyes. 
Each eye is a cup-shaped and darkly pig- 
mented structure. The concave side bears 
the retina , a circular aperture, pupil and a 
lens of gelatinous consistency (Fig. 1 5.1 1 B) . 
Many elongated and slender cells which 
are arranged parallelly form the wall of 
the cup. These cells through the union of 
their outer ends form the optic nerve and 
their inner ends extend towards the lens as 
clear and hyaline rods. The region of the 
cuticle which covers the eyes, acts as the 
cornea. 

(/;) Olfactory organs. The olfactory 
organs arc known as nuchal organs. These 
paired organs are present on the posterior 
and dorsal side of the prostomium and 
remain in close contact with the hinder 
part of the brain. Each nuchal organ 
has two pits lined with ciliated epi- 
thelium. 

(c) Tactile organs.. The tentacles, 
palpi and cirri are regarded as specialised 
tactile sense organs. With the help of 
specialised sensory cells they can discri- 
minate the changes in the environment. 

18 [vo*. i, 76] 


Reproductive system 

Sexes are separate in Nereis but well- 
formed gonads in the form of testes o t 
ovaries arc not regularly recognised. The 
gonads develop by the proliferation of 
coelomic epithelial cells of the body cavity. 
The gonads are temporary structures and 
appear only in the breeding season. The 
males develop only a pair of testes which 
are present in any one of the segments 
between nineteenth and twentyfifth. The 
number of testes may be more in other 
species. During breeding season groups of 
cells pinch off from the testes into the 
coelomic fluid. These cells undergo divi- 
sion and each daughter cell develops into 
a sperm. The sperms have rod-shaped 
heads and vibratile tails. 

Spherical ovaries in females appear 
along the entire length of the body. They 
are* metamei ically arranged and occur 
one pair in each segment. The ova (when 
young) become detached from the ovaries 
into the coelomic fluid where they attain 
maturity. Both ovaries and testes degene- 
rate after the liberation of sex cells. 

Mature reproductive cells are liberated 
probably through temporary apertures 
formed by the rupture of the body wall. 
Fertilization is external and occurs in sea- 
water. 

Structural changes during gonad 
formation. The formation of gametes in- 
duces changes in the posterior half of the 
body. Such changes are noted in the 
critical appearance of lobes of the para- 
podia and in the number of setae in 
bundles. In addition, the prostomial eyes 
become enlarged and the terminal segment 
produces sensorv papillae. The worms 
after such transformations are known as 
Heteronereis. 

The hctcronu eis forms are free-swim- 
ming. The body is divisible into two dis- 
tinct parts. The anterior or asexual part is 
called ‘ Atoke * and the posterior sexual part 
is called t Epitoke\ The changes of the 
parapodia in the posterior half of the body 
are, first, increase in size and secondly, 
the formation of leaf-like outgrowths on 
the lobes. Bristles which replace setae 
remain inserted into the parapodium and 
assume fan-like appearance* (Fig. 15.4B). 

The transformation to the heteronereis 
form is due to the impact of hormones, 
released into the blood plexus from certain 
specialised cells, which remain very close 
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' to the brain. Some authors, however, 
consider Nereis and Heteronereis as two 
distinct species. 

Development. The matured egg lias 
two enveloping membranes. The outer 
cover is thin and the inner one is broad 
with radial striations. With these mem- 
branes the egg remains within a covering 
of gelatinous consistency. Oil droplets and 
yolk bodies remain scattered throughout 
the cytoplasm of the egg. The fertilization 
or the entry of sperm cell brings following 
changes in the egg: (a) inner radiated layer 
dissolves, (b) egg completes the matura- 
tion phase by liberating two polar bodies, 
(c) egg exhibits irregular amoeboid move- 
ment and ( d ) considerable rearrangement 
of cytoplasmic particles occurs. This results 
into the shifting of oil droplets and yolk 
spherules towards the centre, thus leading 
a side with granular cytoplasm and 
nucleus. 

The zygote finally assumes spherical 
shape and starts to divide. This is called 
cleavage. First two divisions produce four 
cells. These cells are called macromeres. 
One macromere becomes larger than the 
other three. These macromeres divide 
unequally in three sets and thus give rise 
to twelve micromeres. At the end of first 
unequal division of the macromeres, four 
micromeres of equal sizes, are produced. 
The second unequal division of the mapro- 
meres produces four more micromeres, 
but this time three are of same sizes 
and one is large. The third unequal divi- 
sion of the macromeres again results three 
more micromeres of same sizes and one 
large micromere. During these unequal 
divisions of the macromeres, the micro- 
meres are not produced at their tops. On 
the contrary, after first division the micro- 
meres are pushed towards right, then 
during next division they shift to the left 
and again to the right. Such arrangement 
gives rise to a spiral pattern. The 
two large micromeres are known as soma - 
toblasts or mesentomeres. The micromeres 
give rise to ectoderm, somatoblasts or 
mesentomeres result into mesoderm and 
macromeres produce endoderm layer. The 
micromeres spread over the macromeres 
and push them and somatoblasts inside. 
Further development involves transfor- 
mation of these cells into the various 
structures of larva. The larva is known as 
trochophore larva (Fig. 15.12). 


TROGHOPHORE LARVA. The larva is a 
small, oval or pear-like transparent orga- 
nism. The anterior end of the body is 
broader than the posterior end and it 
exhibits bilateral symmetry. It has mouth, 
alimentary canal and anus. The mouth is 
situated near the mid-ventral line of the 
body and it leads into the alimentary canal 
which at the beginning proceeds trans- 
versely and then curves round to advance 
towards the narrow end. The canal ends 
in an anal aperture at the posterior tip of 
the body. Two prominent bands of cilia 



Fig. 15.12. Trochophore larva. 


encircle the body and in certain forms a 
third band may be present. A double 
circlets of strong ciliary b4nd called the 
pre-oral circlet or prototrochf encircle the 
body around the middle ajfid just above 
the mouth. Behind the mouth a second 
circlet of cilia is present, the post-oral circlet 
or telotroch . The ciliated groove proceeds 
backward from it along the middle region 
of the ventral side. Trochophore exhibits 
no metamerism and the rudiment of future 
adult trunk is seen as a small region at the 
posterior pole. There is no coelom at this 
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stage but only a spacious blastocoel en- 
closes the gut. Within the blastocoel, a 
pair of protonephridia, certain amount of 
mesenchyme and larval muscles are pre- 
sent. The upper pole possesses an apical 
plate with a number of long cilia. 

The free-swimming larva feeds on the 
plankton and other microscopic organisms 
and transforms into an adult worm. 

Similar larval form appears in the life 
history of many molluscs and in this res- 
pect Trochophore larva is considered to be 
very important from the evolutionary 
stand-point. 

Affinities of Trochophore larva 

Trochophore larva was first discovered 
by a Swedish Naturalist, Lovcn in 1840. 
Since then the larva was known as Lovcn’s 
Larva. Later on Ray Lankeslar (1877) 
gave the name Trochophore to this 
larval form. This larval form exhibits 
remarkable similarities with several other 
larval forms. As a consequence the phylo- 
genetic status of Trochophore warrants 
serious consideration. 

Affinities with Ctenophora. The aboral 
sense organ (Slatocyst) of a cteno- 
phore is compared with the apical sensory 
plate of trophophore. The sub-ectodermal 
radiating nerves are comparable. The 
prototorch is derived from fourth group of 
ciliated cells. Both of them have pear- 
shaped body. Despite the similarities the 
fundamental organisation portrays many 
diversities. The cleavage pattern is diffe- 
rent in both the cases. The anus is absent 
in ctenophorcs. So the trophophore larva 
cannot be regarded as related to cteno- 
phorcs. 

Affinities with Muller's larva. The 

Muller’s larva of Turbellarians, especially 
that of Planocera shows similarities with the 
trochophore larva. Similarity in develop- 


mental stage, similarity in the disposition 
of ciliated bands arid presence of eye 
spots at the aboral end of the two larval 
forms led many wokers on this line to draw 
parallelism between the two groups. But 
due to undernoted dissimilarities the 
parallelism cannot be justified. The 
dissimilarities are: (z) absence of anus in 
Muller’s larva, (ii) the enteron opening 
into one opening in Muller’s larva, 
(tit) difference in the embryonic differen- 
tiation of mesoderm and (iv) the existence 
of tuft of cilia at the caudal end of 
Muller’s larva. 

Affinities with Pilidium (Nemertini) larva. 

The pilidium larva of Nemertini 
exhibits certain similarities with the tro- 
chophore larva. The similarities are : (z) 
both have helmet-shaped body, (ii) the 
ciliated ring between aboral and oral 
ends of pilidium larva represents the 
prototorch of trochophore, (Hi) similarities 
in the disposition and distribution of nerve 
ring, (iv) the stomodaeum shows simi- 
larities, (v) the schizocoelic mode of 
formation of coelom in both. But the 
absence of anus in pilidium and the 
dissimilarities in the formation of meso- 
derm stand on the way to draw any 
relationship between them. 

Affinities with Rotifcra. Trochospkaera , 
a rotifer shows some similarities with the 
trochophore larva of annelid. Trochos- 
phaera resembles trochophore in many 
respects, viz. ciliated girdles, disposition of 
nervous system (‘Brain’) and the sense 
organ, placement of anus, nephridia and 
curvature of intestine. But the resem- 
blances are mostly superficial in nature 
and need critical examination to draw 
any phylogenetic relationship. 

Affinities with Veliger larva. The 
preoral ciliated ring, ciliated tuft of flagella 



Fig. 15.13. Phylogenetic relationship of Trochophore larva. 



276 


BIOLOGY OF ANIMALS 


and apical plate of the veligcr larva of 
mollusca are similar with that of trocho- 
phore larva. The similarities between the 
trochophore and veliger larva are possibly 
due to remote phylogenetic convergence. 

In the evolutionary dynamics of inver- 
tebrates the trophophore larva occupies a 
prominent status. It shows similarities 
with many invertebrate groups. The 
affinities throw light on the emergence of 
bilateral groups from the animals having 
radial symmetry (Fig, 15.13). It is claimed 
that the trophophore represents a transi- 
tional stage in the line of emergence of the 
bilateral groups (e.g. Rotifers) from the 
radial groups (Ctenophores). Similarities 
between the trochophore and the echino- 
derm larva (Bipinaria and Pluteus) and 
Tornaria larva of Balanoglossus added more 
weight to this contention. 

Example of the Phylum Annelida — 

EARTHWORM 

Habit and Habitat. The most com- 
mon earthworm of our country is known 
as Pheretima posthuma . It is a member of 
the class Chaetopoda. Pheretima usually 
inhabits the moist soil. During day time 
they live in underground burrows and at 
night and rainy season they come out 
of their shelters. The castings of earth-, 
worms, which are small rounded pellets 
or balls, lie at the openings of the burrows. 
These castings are formed when the 
animals go deep into the hard and 
closely packed soil by ‘eating* earth. The 
eaten-up earth passes through the body 
and are deposited as ‘castings’. While 
burrowing, the earthworms make the soil 
loose and porous. The body wastes of 
earthworm increase soil fertility. So the 
earthworms are called the natural tillers 
of land. 

External structures. The body is 
elongated, narrow and cylindrical (Fig. 
15.14). The thickness of the body is 
more or less uniform. The anterior 
end is more pointed than the posterior 
end. The dorsal side of the body is 
brown in colour and can be readily dis- 
tinguished from the ventral side which is 
brightly coloured. The impression of the 
dorsal vessel can be seen on the dorsal 
side as a dark median line extending 
throughout the length of the body. A full- 
grown worm measures about 20 cm in 
length. 


The body of the animal is made up of 
distinct segments or metameres separated 
from each other by inlcrsegmental grooves. 
The number of segments comprising the 
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body are about 100-120. This external 
segmentation corresponds to internal seg- 
mentation. The segments 14-16 from the 
anterior end are encased in a thick glan- 
dular tissue sheet called the clitellum 
(saddle) or cingulum (belt). Considering 
the clitellum as the index, the body may 
be divided into three regions, namely 
the pre-clitellar , clitellar and post-clitellar 
regions. Some of the anterior segments 
bear superficial furrows so that these 
segments appear to be subdivided. These 
are merely external subdivisions. 

There is no distinct ‘head* as in Nereis 
and the first body segment is called 
peristomium which bears the mouth aper- 
ture on its ventral surface. Overhanging 
the mouth on the dorsal surface is a small 
fleshy lobe, the prostomium> which is consi- 
dered as a projecting part of the first 
segment and not a segment by itself (Fig. 
15.15). The last segment bears the anus 



Fig. 15.15. Anterior end of earthworm— enlarged 
view (after Bhal). 

at its posterior end. The apertures in the 
body are: ( a ) Mouth — a crescent-shaped 
aperture situated ventrally in the peristo- 
mium ; ( b ) Anus — a round aperture situat- 
ed at the posterior end of the last segment ; 
(c) Female genital aperture — a single 
aperture situated on the mid-ventral line 
of the 14th segment; (rf) Male genital 
apertures — paired apertures situated on 
the ventro-latcral sides of the 18th seg- 
ment. Each of these male genital apertures 
is associated with one pair of genital 
papillae , situated above and below the 
aperture, i.e. on 17th and 19th segments; 


( e ) Spermathecal apertures — four pairs, 
situated on ventro-lateral sides of inter- 
segmental grooves between segments 5/6, 
6/7, 7/8, 8/9 ; (/) Dorsal pores — these 
apertures are present in the mid-dorsal 
line of the intersegmentai grooves of the 
segments, between thirteenth to last but 
one; (g) Nephridiopores — are numerous 
and open on the ventral surface of the 
body. They are present in all segments 
excepting the first six and the last one. 

Seta. Locomotor organs in case of earth- 
worms are called setae. Each seta is 
an elongated more or less ‘S’-shaped 
rod composed of chitin, hardened and 
strengthened by the addition of sclerotised 
protein and is embedded in an epidermal 
pit called setigerous sac or setal sac. The 
distal end of the seta is pointed but the 
proximal end is blunt. The middle of 
the seta is swollen and is called the 
nodulus. They are about 0*24 mm in 
length and 0*03 nun in breadth. The 
number of setae in different segments 
varies considerably. Usually they are 
numerous in each segment and are dis- 
posed in the form of a ring round each 
segment (Fig. 15.16A). About two-third 
of the seta remains inside body wall and 
one-third of it projects out (Fig. 15.16B). 
The inner part is attached to muscles res- 
ponsible for moving the setae. Setae are 
present in all segments excepting the first, 
last and the clitellar segments. Setae are 
organs of locomotion on ground and act as 
attaching structures in burrows. 

Body wall. The body wall is covered 
externally by a thin non-cellular cuticle 
composed of parallel layers of collagenous 
fibres and is perforated by numerous 
pores through which open the epidermal 
glands. Histologically, it consists of two 
layers separated by an intervening layer. 
The cuticle is secreted by the supporting 
cells of the underneath epidermis. 
Below the cuticle is the single-layered 
epidermis (Fig. 15.16B). The cells that 
are found in the epidermis arc: 
(a) Gland cells or goblet cells — 
These are mucus-secreting cells which 
keep the skin moist and slimy. Gland cells 
are of two types — mucous cells and albumen 
cells; ( b ) Supporting qells — These arc tall 
and large cells outnumbering the other 
cells; (c) Basal cells — Cells remain 
packed between gland cells and suppor- 
ting cells; (d) Sensory cells — Occur in 
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groups and act as receptor organs. All 
epidermal cells are of columnar type. 
Below the epidermis there is circular muscle 
layer forming a thin continuous sheet. 
Circular muscle layer is followed by longi- 
tudinal muscle layer running in parallel 




Fig. 15.16. A. Geometric disposition of setae 
in Pheretima (after Bhal). B. Diagrammatic view 
of a portion of the body wall of earthworm 
(Transverse section, after Bhal). 

bundles. The bundles are separated from 
each other by a thin septum of connective 
tissue. The innermost layer of the body 
wall is formed by coelomic epithelium 
which is a thin membrane of single layer 
of cells. 

Coelom* The coelom or body cavity 
is extensive. But it is not continuous and is 
divided into a number of compartments 
by transverse partitions running between 
the body wall and the alimentary canal. 
These partitions or septa are vertical in 
disposition and are formed by double 
layers of peritoneum and numerous inter- 


lacing bundles of muscle fibres. The 
communications between the various 
coelomic compartments are provided 
by sphincter apertures situated just 
dorsal to nerve cord in each septum. In 
normal condition the sphincter muscles 
remain contracted keeping each coelomic 
compartment separated from each other. 
The coelom opens to the exterior by dorsal 
pores and nephridiopores. The number of 
coelomic compartments corresponds to the 
number of external segments. However, in 
the first four segments, the coelom is con- 
tinuous as the septa are lacking there. 

The coelomic compartments remain 
filled with coelomic fluid. The coelomic fluid 
is milk-white in colour and consists of 
plasma and four types of nucleated corpuscles 
(Fig. 15.17). The corpuscles are: (a) Phago- 
cytes — these cells are saucer- shaped gra- 
nular, large and are most numerous; 



■j- 

( b ) Circular nucleated cell — th£se ceils are 
non-granular ; (r) Mucocyte% — these are 

flat, circular and slender cells vwith fan-like 
process ; (d) Chloragogen cell — these small 

but numerous cells have bulgings. 
When stained with iodine solution, they 
become yellow. 

Locomotion* The locomotion of earth- 
worm is of interest since it gives an 
opportunity to study the results of 
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co-ordinated movements in an animal 
built on a metameric plan. When an 
earthworm starts to crawl, the first few 
segments become thinner and longer. 
This is caused by contraction of 
circular muscles and relaxation of longi- 
tudinal muscles of that region, the oppos- 
ing sets of muscles are antagonised by an 
increase in the pressure of the coelomic 
fluid. The thinning and elongation of the 
body gradually spread to more posterior 
segments. At this stage the setae of the 
anterior region are protruded to grip on 
the substratum. The longitudinal muscles 
of the anterior region then contract so that 
the body at that region becomes shorter 
and stouter and more hinder regions are 
pulled forward. The septa also play an 
important role as they act as water-tight 
partitions which relay pressure changes 
from one segment to the next by bulging. 

Digestive system. The alimentary 
canal is a straight tube running from 
the anterior in noth to the posterior 
anus (Fig. 15.18). The mouth is a cres- 
cent -shaped aperture situated ventrally 
on the peris tomium. Mouth opens into a 
short, thin-walled buccal cavity. The outer 
wall of the buccal cavity leads into the 
pharynx lying in segments 3rd and 4th. 
The pharynx is pear-shaped and its walls 
are thick and muscular. The dorsal wall 
of the pharynx is lobulatcd and richly vas- 
cular. This lobulatcd part is called pharyn- 
geal bulb. The pharynx is followed by 
oesophagus extending up to 8th segment. 
Fhe part of the oesophagus lying in the 
8th segment has become modified to form 
an oval structure called gizzard. The 
gizzard is thick-walled, muscular and 
its inner lining epithelium bears a distinct 
cuticle (Fig. 15.19A). The food particles 
are ground against the cuticle by muscular 
efforts and become finer. The part of the 
alimentary canal lying between segments 
9 to 14 is called stomach. The wall of the 
stomach is highly glandular and vascu- 
lar. Both the ends of the stomach are pro- 
vided with sphincter muscles. The alimen- 
tary canal behind the stomach is wide, 
thin-walled and continues as intestine up 
to the anus in the last segment. A pair of 
short and conical intestinal caeca is situated 
at the 26th segment. Tfxe dorsal wall of the 
intestine between 26th and 95th segment 
is infolded to form the typhlosole so that in 
cross-section this part of the intestine 



appears to be ‘U’-shaped (Fig. 15.19B). 
On the basis of the position of the typhlo- 
sole the intestine may be divided into pre- 
typhlosolar region (segments 15th — 26th), 
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typhlosolar region (segments 26th — 95th) 
and post-typhlosolar region (96th to last). 
The role of the typhlosole is to increase the 
surface of absorption. The outer wall of 
the intestine appears yellowish in colour 
because of the presence of chloragogen 
cells which line the intestine. 


the leaves are taken in, they are moistened 
by mucus secreted from the pharyngeal 
bulb. The food is then forced to the oeso- 
phagus by peristalsis. In the oesophagus, 
enzymes are added. The food then reaches 
the gizzard whose cuticle renders the food 
particles finer by grinding. From the 
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Fig. 15.19. Transverse section of earthworm — A. Passing through gizzard. B. Passing through 
intestine (after Bhal). 


Histology of the out wall. The outer- 
most layer of the gut wall is made up of 
tall and narrow cells which are derived 
from peritoneal epithelium . This layer often 
remains covered by chloragogen cells, 
laden with yellow pigments. These yellow 
cells are believed to be excretory in func- 
tion. Some workers believe that these 
cells, in addition to their excretory func- 
tion, take up the role of digestive glands. 

The peritoneal epithelium is followed by 
longitudinal muscle fibres and circular muscle 
fibres . The internal epithelium is formed of 
glandular and ciliated cells . 

Feeding and digestion. During bur- 
rowing earthworm swallows soil rich in 
organic particles, seeds, decaying leaves, 
ova and larvae of small animals. At night 
they come out of their holes to feed on 
leaves and other vegetable matters. The 
leaves arc seized by the pointed end of the 
mouth and held against the mouth by 
suction exerted by the pharynx. Before 


gizzard the food enters into the stomach 
for digestion and then to intestine for 
absorption. Insoluble remains of food to- 
gether with soil that has been ingested are 
pushed out through anus. 

Respiratory system. Definite res- 
piratory organs in earthworm arc absent 
but gaseous exchange for respiration 
takes place mainly through the skin 
which is richly supplied with blood 
vessels and is kept moist by the secretion 
of epidermal gland cells and h Y coelomic 
fluid escaping through thq dorsal pores. 
Carbon dioxide is also carried by blood to 
the skin from where it is elijminated. 

Circulatory system. The blood has 
the same composition as in! Nereis, i.c. it 
is made up of plasma having haemoglobin 
in dissolved state and colourless nucleated 
corpuscles suspended in plasma. The blood 
is red in colour. 

in the body of the earthworm there is 
an elaborate circulatory system formed by 
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closed tubes or blood vessels. The arrange- 
ment of the vessels is very complicated. 
The general plan is that longitudinally 
running vessels act as collecting or distri- 
buting vessels and these are connected with 
one another by transverse vessels in the 
individual segments. There are four pairs 
of such transverse vessels which are called 
‘ hearts \ As these are not like true hearts of 
the vertebrates it is better to call them 
pseudohearts. The arrangements of blood 
vessels in the first thirteen segments and 


in the rest of the body offer points of 
contrast. So for the sake of convenience 
they are described separately. 

Blood vessels In the intestinal region 
or segments beyond thirteenth. In this 

region of the body three large main 
vessels run longitudinally and parallel 
to each other (Fig. 15.20B). 

(a) Dorsal vessel. This large vessel 
runs in the mid- dorsal line of the body and 
just above the alimentary canal. The 
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Fig. 15.20. A. Distribution of blood vessels in first thirteen segments. B. Three dimensional 
model of two segments after the first 13th segments to exhibit important blood vessels and 
their branches. 
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direction of movement of blood in this 
vessel is from behind forward. The dorsal 
vessel is a collecting vessel and in each 
segment it receives (i) a pair of dor so- 
intestinal vessels in each side bringing blood 
from the intestine and (ii) a commissural 
vessel running along the posterior border of 
each septum and joined ventrally to the 
subneural vessel. The vessel collects blood 
from skin and nephridia. The walls of the 
dorsal vessel is muscular and its lumen is 
provided with valves. In each segment 
there is a pair of valves directed forward 
and inward to prevent back flow of blood. 

( b ) Ventral vessel. This is a long vessel 
which runs in the mid-ventral line beneath 
the intestine. The direction of flow of 
blood is from anterior or posterior. It 
serves as a distributing vessel and distri- 
butes blood through ( i ) a pair of ventro - 
tegumentary branches one on each side of each 
septum. Each branch pierces the septum 
behind it and runs upward to supply blood 
to inner body wall and integumentary 
nephridium. Each ventro-tegumentarv 
branch gives a septo-nephridial branch 
which runs on the anterior face of the sep- 
tum supplying blood to septal nephridia, 
(ii) a median ventro-intestinal is given off 
dorsally from the ventral vessel. It supplies 
blood to the floor of the intestine. Valves 
in the lumen of ventral vessel are absent. 

(r) Subneural vessel. It is a long and 
slender vessel running along the mid- 
ventral line beneath the nerve cord. The 
flow of blood is from front to backward. 
It is a collecting vessel. It collects blood 
in each segment by a pair of ventral bran- 
ches, which collect blood from ventral 
skin. The subneural vessel is linked to 
dorsal vessel by a pair of commissural 
vessels in each segment. Extending from 
the posterior end to the 14th segment, it 
bifurcates into two to form the lateral 
oesophageal vessels. 

Blood plexus of the Intestine. The intes- 
tinal walls are traversed by a close 
network of capillaries. The capillary 
networks are constituted by an internal 
network between circular muscle layer 
and internal epithelial lining of intestine 
and an external network on the outer 
surface of the intestine. 

Commissural, integumentary and nephri- 
dial vessels. The commissural vessel gives 
off from its ventro-lateral side a septo- 
intestinal branch to the internal plexus. 


The branches of the integumentary ves- 
sels fr 9 m body wall and nephridial vessels 
open into the internal plexus. 

Blood vascular system in the first thirteen 
segments. The first thirteen segments have 
the following vessels (Fig. 15.20A). 

(a) Dorsal vessel. It becomes the dis- 
tributing vessel at this region and extends 
up to the cerebral ganglion. It gives off 
branches which supply the anterior regions 
of the body. It sends back blood to the 
ventral vessel through the ‘hearts’. 

(b) Supra-oesophageal vessel. A very 
short vessel extending between segments 
9th and 1 3th. It is a collecting vessel and 
collects blood from gizzard and stomach. 

( c) Lateral oesophageal vessel. These 
vessels have been formed by the bifurca- 
tion of the subneutral vessel at the 14th 
segment. These are collecting vessels 
and continue anteriorly along the lateral 
sides of the oesophagus. Through a pair 
of branches in each segment they collect 
blood from lateral regions of gut, body 
wall, septum and seminal vesicle. 



Fig. 15.21. Heart in earthworm (diagrammatic 
representation) I -Lateral heart, II — Latoro- 
ocsophageal heart. 

(d) Ventral vessel. It <|xtends anter- 
iorly up to the 2nd segrnfent and is a 
supplying vessel. It supp|ies blood to 
ventral body wall, septal Nephridia and 
reproductive organs. It gifces a pair of 
ventrotegumentary vessels in each seg- 
ment. 

Hearts and anterior loops. The dorsal 
and ventral vessels are connected to each 
other in segments 7th, 9th, 12th and 13th 
by means of paired pulsatile structures 
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called ‘hearts’ (Fig. 15.21). The posterior 
two pairs situated in 12th and 13th seg- 
ments are called latero- oesophageal hearts be- 
cause they communicate dorsally both with 
dorsal and supra-oesophageal vessels while 
the anterior pairs situated in the 7th and 
9th segments are called lateral hearts because 
they communicate directly the ventral 
vessel to the dorsal vessel. Besides these, 
there are two pairs of non-pulsatilc loops 
situated in 10th and 11th segments. These 
loops connect the supra-oesophageal to the 
lateral oesophageals. 

Ring vessels. The wall of the stomach 
between segments 10th and 13th bear dozens 
of circular vessels in each segment. Blood 
from lateral oesophageals to the supra- 
oesophageal is carried by these vessels. 

Mechanism of blood circulation. The 

movement of blood through the different 
vessels is carried on by peristaltic contrac- 
tions (Fig. 15.22). There are a pair of ring 


collected by the paired branches of sub- 
ncural vessel and by the capillaries of the 
commissurals, which in their turns open to 
the dorsal vessel. Moreover, the dorsal 
vessel also receive the dorso-intestinals 
from the intestine in the intestinal region 
where it acts as a collecting vessel. In the 
first thirteen segments the dorsal vessel 
becomes a distributing vessel and pours 
blood in the ventral vessel through hearts. 
The ventral vessel does not distribute 
blood. 

Blood-forming glands. Behind the 
pharyngeal mass in segment 4th and be- 
hind it in 5th and 6th segments, there 
exists an aggregate of spherical follicles 
called blood glands . Each follicle consists 
of a capsule of syncytial layer of multi- 
nucleated protoplasm having in its conca- 
vity a loose mass of cells. The blood glands 
are considered as manufacturers of blood 
corpuscles and haemoglobin. 
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Fig. 15.22. Route of blood flow in earthworm. 


valves in front of each septum directing 
blood forward or backward as the case 
may be, which prevent back flow. Blood 
is carried to the. skin by the ventro- 
tegumentary branches from the ventral 
vessel for aeration. Oxygenated blood is 


Excretory system. Excretory organs 
are the nephridia . Nephridia occur in all 
segments excepting the first three and the 
last segments. The nephridia are small 
and coiled tubular structures and occur 
in huge numbers. 
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In the body of earthworm three kinds 
of (Fig. 15.23) nephridia occur — septal y 
integumentary and pharyngeal . Structurally, 
these nephridia show basic similarities, its 
classification is based on its position in the 
body. The types of nephridia that occur 
in earthworm are : 
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Fig. 15.23. Different types of nephridia in 
earthworm. 


(a) Septal nephridia. Septal nephridia 
remain attached to the two faces of the 
septum. They occur from 15th segment 
backward. That means in the first fourteen 
segments they are absent. Each septum 


bears 40-50 nephridia in average in its 
anterior and a similar number on its 
posterior face. Thus in each segment there 
are about 80-100 nephridia. 

Structure of septal nephrldium. A 

typical septal nephridium (Fig. 15.24A) 
consists of a main body formed by a straight 
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Fig. 15. 24 A. A septal nephridium of earth- 
worm (after Bhal). 
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Fig. 15.24B. Showing the relationship between septal nephridial system and 

intestine in earthworm. 
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lobe and a long narrow, spirally twisted 
loop, a funnel-like nephrostome connected 
to the main body by a short neck and a 
terminal nephridial duct . All the nephridial 
structures remain restricted to the same 
segment. 

The nephrostome or funnel is a rounded 
structure. The mouth of the funnel which 
communicates with the coelom is provided 
with a large upper lip and a small lower 
lip. The lips are ciliated. A narrow ciliat- 
ed tube runs from the funnel into the 
body of the nephridium and takes several 
turns inside it. 

The main body of the nephridium is 
made up of a main lobe and a spirally 
twisted loop. The loop is twice as long as 
the main lobe and consists of a proximal 
limb and a distal limb twisted round each 
other. The straight lobe is continued as the 
distal limb of the twisted loop and the 
proximal limb receives the ciliated tubule 
from the nephrostome and also it gives off 
the terminal duct \yliich opens at the neph- 
ridiopore. The straight lobe bears four 
parallel tubules, the proximal and distal 
ones bear three tubules each and in the 
apical part there are two tubules. ’ 

Terminal ducts of the septal nephri- 
dium open into a septal excretory canal 
which runs parallel and internal to com- 
missural vessels. 

There are a pair of septal excretory 
canals one on each side of the septum. The 
two septal excretory canals open into a 
pair of supra-inteslinal excretory ducts which 
run on the mid-dorsal line side by side 
from 15th segment to the posterior end. 
The supra-intestinal excretory ducts open 
into the lumen of the intestine by single 
and small ducts at the level of each inter- 
segmental septum. 

( b ) Integumentary nephridia. They 
are smaller in size than the septal nephri- 
dia. These ‘V’-shaped structures occur on 

• the inner surface of the integument in all 
segments excepting the first two. They 
number 200-250 in each segment but in 
the 14th, 15th and 16tb segments the 
number of nephridia is much more. Struc- 
turally they resemble septal nephridia but 
lack the nephrostome. They open inde- 
pendently to the outside by nephridiopores 
on the outer surface of the* body wall. 

(c) Pharyngeal nephridia. They are 
as large as the septal nephridia and occur 
in the form of three pairs of bunches or 


tufts in the 4th, 5th and 6tb segments and 
on either side of pharynx and oesophagus. 
Nephrostomes are also absent in the pha- 
ryngeal nephridia. In each bunch the ter- 
minal ducts of the nephridia join together 
to form a slender duct. The slender ducts 
again unite in each segment and form a 
thick-walled duct which opens into the 
alimentary tube. Thus there are three 
pairs of ducts, one pair each in the 4th, 5th 
and 6th segments. Some workers main- 
tain that the pharyngeal nephridia have 
digestive function or, in other words, they 
aid in digestion and hence they are some- 
times referred to as ‘peptic nephridia 5 . 

The sepal and pharyngeal nephridia 
open into the alimentary canal and are 
called enteronephric while the integumen- 
tary nephridia open to the outside directly 
and are called exoncphric. The entero- 
nephric system helps in the conservation of 
water in the body because water present 
in the excretory product is again reabsor- 
bed in the intestine. 

Some of the nitrogenous excretory sub- 
stances like guanin are extracted from the 
blood stream by chloragogen cells. These 
cells collect and store excretory products 
and on becoming heavily laden with 
excretory materials, they pinch off into the 
coelomic fluid from where they are 
eliminated through dorsal pores or by 
nephridiopores. 

Nervous system 

The nervous system (Fig. 15.25) com- 
prises of a central nervous system from which 
peripheral nerves are given to the different 
parts of the body and the receptor organs. 


cerebral aanalio pharynx oesophagus 



Fig. 15.25. Nervous system of earthworm. 

Central nervous system. * It consists 
of a pair of closely packed 'suprapharyn- 
GEAL GANGLIA OR CEREBRAL GANGLIA 

forming the brain and situated in the third 
segment of the body above the pharynx. 
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From the brain nerves are given off 
to the prostomium and walls of the 
buccal chamber. Two loops called ciRcum 
pharyngeal gonnectives arise, one from 
each ganglion of the brain. They encircle 
the pharynx and meet with a pair of sub- 
pharyngeal ganglia lying below the 
pharynx and in the anterior part of the 
fourth segment. The connectives give off 
nerves to the first segment of the body and 
to the buccal chamber and the sub- 
pharyngeal ganglia give branches to sup- 
ply the second, third and fourth segments. 


tinct nucleus and an optic organella. These 
receptor cells are housed in the epidermis. 
The cells are numerous at the anterior end 
of the body. The number gradually de- 
creases posteriorly. The last segment may 
even contain one such cell. The receptor 
cells are absent on the ventral surface. 

(c) Buccal receptors* Groups of cells 
are placed in the buccal cavity in large 
numbers. These receptors are concerned 
with chemical stimuli and serve in smell- 
ing and tasting food particles. (Fig. 
15.26G). 



A ventral nerve edrd extends from 
the subpharyngeal ganglia to the last 
segment of the body and runs along the 
mid-ventral line. The nerve cord, though 
appears single, is in reality made up of two 
cords. Behind the fourth segment the cord 
presents a swelling in each segment. 
Each swelling is formed by fusion of paired 
ganglia. From each of these ganglia, three 
pairs of peripheral nerves are given to the 
body wall and viscera. These nerves con- 
tain both afferent and efferent fibres . 

Receptor organs. The structures which 
receive stimuli and convey the same 
to the central nervous system are called 
receptors . The receptors found in the body 
of earthworm are described below: 

(a) Epidermal receptors. These recep- 
tors are placed in the epidermis as groups 
of long slender receptor cells (Fig. 15.26A) 
which are tactile in function. 

(b) Photoreceptors. Each photorecep- 
tor (Fig. 15.26B) is a single cell with a dis- 


Reproductive system 

Earthworm is monoecious or herma- 
phrodite, i.e. male and female reproduc- 
tive structures develop in the same indi- 
vidual. 

Male reproductive system. Two pairs 
of testis sacs are located beneath the oeso- 
phagus in 10th and 11th segments (Fig. 
15. 2 7 A). There are two pairs of seminal 
vesicles placed laterally in the 11th and 12th 
segments. The testis sacs arc communi- 
cated to the vesicles of ^heir own sides. 
The testis sac situated on jthe right side of 
1 0th segment communicates to the vesicle 
of the right side in the 1 |th segment and 
so on. In each testis sac, the reproductive 
organ, testis remains attached on the inner 
surface of the anterior end of the sac. 
Thus, there are two pairs of testes. The 
testes arc digited structures and each testis 
is made up of testicular lobules or follicles. 
Sperm mother cells are discharged in the 
cavities of the sacs. From there they go to 
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the seminal vesicles and after maturity 
again come back to the sacs. Behind each 
testis there is a spermiducal funnel . The 
funnel leads into a slender duct called 
sperrniduct or vas deferens. There arc four 
uasa defer enlia. The two vasa deferenlia of 
each side continue posteriorly from the 
12th to 18th segment and enter into the 
prostate gland . 

There is a pair of prostate or spermidu- 
cal glands extending usually from 17th to 
21st segments. Each gland gives out a 
duct. This duct along with the two vasa 
deferentia of its own side becomes enclosed 
in a common muscular sheath and opens 
through the male genital aperture situa- 
ted in the 18th segment. 

Female reproductive system. The re- 
productive organs are a pair of ovaries 
attached to the hinder face of the septum 
lying between 12th and 13th segments 
(Fig. 15.27B). The ovary is also a digited 
structure and it contains ova. The ovaries 


are larger than the testes. Beneath each 
ovary lies an oviducal or ovarian funnel. 

The funnels are ciliated and the two 
oviducts unite to form a common oviduct 
which opens to the outside by the female 
genital aperture situated ventrally on the 
14th segment. 

There are four pairs of sperma thecae 
in the 6th to 9th segments of the body. 
Each sac consists of a flask-shaped ampulla 
and a narrow duct. The ducts open to 
the outside through spcrmathecal pores 
situated in the segments between 5/6, 6/7, 
7/8 and 8/9 segments. The sperms are 
stored in the sperma thecae. 

Copulation. Though hermaphrodite, 
earthworm practices cross-fertilization. 
Mating occurs in the summer. During 
mating two individuals come together and 
oppose each other in a head to tail posi- 
tion. The male genital apertures of one 
rest on the spcrmathecal pores of the other. 
After mutual exchange of sperms the indi- 
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viduals separate and sperms remain stored 
in the spermathecae. 

Cocoon formation and development. 
Clitellar glands secrete some substances 
which are cemented together to form a 
membranous girdle round the clitellar 
region. The earthworm now tries to pull 
itself out of the girdle. When the girdle 
slips over the oviducal aperture, ova are 
discharged into it and as it passes over the 
spermathecal apertures, sperms are also 
discharged. The animal pulls its body out 
of this girdle. The two open ends of the 
girdle due to elasticity become closed and 
a cocoon is formed. Fertilization and 
development occur inside the cocoon. 
Generally, one individual comes out of 
one cocoon. Development is direct and 
the developing embryo gets nourishment 
from stored albumen. 

Example of the Phylum Annelida — 

LEECH 

Habit and Habitat 

Several kinds of leeches are found in our 
country. The type which is discussed here 
is commonly called cattle leech and its 
scientific name is Hirudinaria granulosa. 
It is a member of the class Ilirudinea. 
These leeches are seen in swamps, ponds 
and slow- flowing streams. It is sangui- 
nivorous (lives on blood meal) and ecto- 
parasitic in nature. 

External structures 

Body is elongated and vermiform (Fig. 
15.28). Body appears cylindrical in con- 
tracted state and dorso-ventrally flattened 
in extended condition. A full-grown leech 
measures 35-40 cm in length. Leeches 
are brightly coloured. The dorsal surface 
is olive-green and the ventral surface is 
orange-yellow or yellow in colour. The 
dorsal surface also bears stripes of orange 
or yellow. On the mid- dorsal surface 
there is a long stripe extending from 
the first pair of eyes to the anus. This 
stripe is either uniform or interrupted. 
On either side of this median stripe there 
are four discontinuous wavy stripes ex- 
tending from tip to tip of the body. The 
stripes, running along the outermost sides 
of the body, bear supra-marginal spots on the 
2nd and 5th annuli of each segment. These 
spots offer keys to taxonomy. The first and 
second stripes on each side of the middle 


stripe are irregular and inconspicuous. 
These stripes have been termed as inner 
paramedian , outer paramedian , intermediate , 
and supra-marginal . The first annulus of 
each segment bears a ring of segmental 
receptor organs or segmental papillae in the 
form of small elevations. 



lig. 15.28. External structures of Hirudinaria. 
A. Ventral view. B. Anterior c&d (Dorsal 
view). C, Posterior end (Dorsal view). 


Number of segments in the body are 
fixed and they are thirty-three* These true 
segments have been divided externally into 
annuli by superficial furrows. Each seg- 
ment bears three to five such external 
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furrows. The body may be divided into 
following regions: 

(a) Cephalic or Head region. It is consti- 
tuted by five anterior segments (Fig. 15.28 
B). The two anteriormost segments (1st 
and 2nd) are not divided into annuli. 
The third segment is bi-annulate while 
both of the fourth and fifth segments are 
tri-annulate. The cephalic region includes 
the anterior sucker and the eyes. There are 
five pairs of eyes; the first and second pairs 
are situated on the 1st and 2nd segments. 
The third, fourth and fifth pairs of eyes are 
situated on the 1st annulus of 3rd, 4th and 
5th segments respectively. The anterior 
sucker is situated on the ventral surface of 
the cephalic region. It is cup-shaped, oval 
in outline and is formed by the fusion of 
anterior five segments on the ventral sur- 
face. At the bottom of the cup-shaped 
sucker lies the mouth which is narrow arid 
tri-radiatc. At the tip of the cephalic 
region and above the first segment is situa- 
ted the prostomium which serves as a sort of 
upper lip to the mouth and bears glands 
and sense organs for touch and taste. 

(/;) Pre-ciitellar region. It is cons- 
tituted by segments 6th, 7th and 8th. 
The 6th segment lias three annuli while in 
the other two there are five annuli. All 
these segments bear a pair of nephridiopores 
on the ventral surface. 

(c) Clitellar region. The 9tll, 10th 
and 11th segments form the clitellar 
region. The 10th segment bears in its 
mid-ventral line the male genital aperture 
while the female genital aperture is situat- 
ed on the mid-ventral line of the 1 1 th 
segment. Each segment has a pair of 
nephridiopores on the ventral surface. 
Permanent clitellum is lacking in leeches. 
Glitellum becomes prominent in breeding 
season. 

(d) Middle region. The eleven seg- 
ments starting from 12th to 22nd are pro- 
vided with five annuli and nephridiopores. 

■ ( e ) Caudal region. It is made up of 
segments from 23rd to 26th (Fig. 15.28C). 
The 23rd segment is with three annuli 
and others are with two. On the dorsal 
surface of the 26th segment a median 
aperture, anus is present in the furrow bet- 
ween two annuli. Nephridiopores are 
absent. 

( f) Posterior sucker region. Consti- 
tuted by seven segments from 27 th to 
19 Jvol. i, ’76] 


33rd. None of the segments is annulated 
and all the segments are indicated by seven 
circles. Segmental receptors are very 
prominent on the suckers. The posterior 
sucker is much larger and more powerful 
than the anterior one. 


Body wall 

The outer covering of the body wall is 
cuticle which is a non-cellular, thin and 
transparent membrane secreted by the epi- 
dermis (Fig. 15.29A). It is perforated by 


cuticle pear shaped 
gland 


opening of tubular gland 
1 openingof pearshaped 



longitudinal 
muscles 
— botryoidal 
tissue 



Fig. 15.29. A. Transverse section of the body 
wall of leech. B. Arrangement of muscles in 
the body wall of leech (diagrammatic). 

many pores. The epidermis is made up of a 
single layer of cells. The cells are hammer- 
shaped. The ‘head’ or flat surface of these 
cells are directed towards the cuticle while 
the ‘handle’ is directed inwards. The 
spaces between the inner ends of the epi- 
dcnnal cells are occupied by fibrous con- 
nective tissues containing blood and capil- 
laries. Embedded in the connective tissue 
are unicellular epidermal glands'. Groups 
of cells become modified to form receptor 
cells. Four types of gland§ tire recognised. 

(a) Slime glands — distributed all over 
the surface and secrete slime. They may be 
“pear-shaped” or “tubular” in appearance. 
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(b) Sucker glands — situated in masses 
on anterior and posterior suckers. 

( c ) Prostomial glands — These are plac- 
ed in groups on the prostomium, the 
secretions form plugs during cocoon for- 
mation. 

(d) Clitellar glands — These are pre- 
sent in the clitellar region. The secretory 
activity of glands increases during breed- 
ing season. 

The glands open to the outside through 
the pores on the cuticle. Epidermis is fol- 
lowed by a thick dermis which is an assem- 
blage of fibrous connective tissue containing 
short muscle fibres, haemocoelomic sinus- 
es and capillary networks. The circular 
and longitudinal muscle layers follow as 
usual. Besides these, there occur oblique , 
dorso-ventral , radial and vertical muscles. 
These muscles are arranged cither singly 
or in bundles (Fig. 15.29B), A peculiar 
type of connective tissue called botryoidal 
tissue occurs between enteric canal and 
longitudinal layer of muscles. The tissue 
consists of large and perforated cells 
arranged end to end so as to constitute 
minute intra-cellular canals filled with 
haemocoeloinic fluid. The cells are heavily 
pigmented and appear black in colour. 

The detailed histological structure of the 
body wail is best seen in transverse sections 
passing through the body (Fig. 15.30). A 
transverse section from the middle of the 
body shows above-mentioned structures of 
the body wall. Besides, in such sections it is 
seen that the major part of the body space 
is occupied by the crop and its lateral 
diverticula, the caeca. The crop and the 
diverticula are lined internally by endo- 
derm which is projected towards the 
lumen of the alimentary canal. The lateral 
sides are occupied by nephridia. Below the 
nephridia run the lateral haemocoeloinic 
channels. Above the crop lies the dorsal 
haemocoelomic channel while below the crop 
lies the ventral haemocoelomic channel. The 
ventral nerve cord passes through the ventral 
haemocoelomic channel. 
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Coelom 

An extensive and spacious perivisceral 
coelom is absent in leeches. The coelom 
is greatly reduced by the development of 
connective tissue between the alimentary 
tube and the body wall. The coelom 
becomes restricted to four longitudinal 


Fig. 15.30. Transverse section of leech. A. 
Passing through pharynx. Note die cuticular 
nature of the inner lining, highly-developed 
musculature and the presence of salivary glands. 

B. Passing through crop. Note the thin nature 
of the crop and the diverticula. The inner lining 
of the crop and the diverticula are projected. 

C. Passing through stomach. Note the lining 
membrane is thrown into folds which anasto- 
mose and the presence of ncphridial vesicles. 
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channels, two of which are lateral, one 
dorsal and the remaining one is ventral in 
position. These channels contain coelomic 
fluid whidj is red in colour with haemo- 
globin and corpuscles. So the coelomic 
fluid is better called haemocoelomic fluid and 
the channels, as the haemocoel. True coelom 
is represented by spaces enclosing the 
gonads and reproductive ducts. 




Locomotion 

The leeches can move about from place 
to place by (a) swimming and ( b ) crawling 
(Fig. 15.31). 

(a) Swimming. Leeches swim about ele- 
gantly in water by snake-like lateral un- 
dulations of the body. Bi-lateral waves 
occur by the contraction of dorso- ventral 
muscles and relaxation of longitudinal 
muscles. 

(b) Crawling. Leeches crawl on sub- 
stratum under water as well as on land by 
looping. The suckers play their part alter- 
nately as adhesive organs. Actual loco- 
motion is effected by alternating changes 
in the length of the body. 

During crawling, the posterior sucker 
first gets attached to the substratum. This 
produces a wave of excitation and contrac- 
tion of the circular muscles and simulta- 
neous relaxation of longitudinal muscles. 
As a result, great extension of the body 
length occurs. The animal now fixes the 
forwarding anterior sucker on the sub- 
stratum. Now contraction of longitudinal 
muscles and relaxation of circular muscle 
occur and the posterior sucker is released 
from the substratum. The contracting 
longitudinal muscles drag the posterior 
sucker forward and the body assumes the 
shape of a loop or inverted fc U\ The pos- 
terior sucker is now fixed in the new posi- 
tion and the animal moves forward by the 
repetition of the process. 

Digestive system 

1 1 includes a long alimentary canal and 
digestive glands in the form of salivary 
gland* (Fig. 15.32). 'The alimentary canal 
starts from mouth . Mouth is a tri-radiate 
aperture situated in the middle of the 
anterior sucker and leads to a very small 
buccal chamber . The walls of the buccal 
chamber bear three jaws one of which is 
dorso-rnedian in position and the other two 
are ventro lateral. The jaws are laterally 
compressed muscular cushions having 
chitinous coverings. The chitinous cover- 
ing is produced into rows of teeth. The 
jaws can be operated by muscles for back- 
ward and forward movements. Both sides 
of a jaw are provided with papillae which 
bear the openings of the> salivary glands. 
The buccal chamber leads to the pharynx 
which extends from the 5th to the 8th 
segments. The entire space between 
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to dilate the pharynx and accelerate suc- 
tion. The pharynx opens into the largest 
part of the alimentary canal — the crop 
through a small oesophagus . The crop 
extends from 9th to 18th segments. It 
is represented by ten chambers arranged 
metamerically one in each segment. Each 
chamber opens behind into the succeeding 
chamber by a round aperture controlled 
by sphincter. A pair of blind pockets or 
caeca project out laterally from each 
chamber. The caeca increase in size from 
before backward. The first pair are the 
smallest and the last pair are the largest. 
The last pair of caeca extend as far as 
22nd segment. The crop opens into the 
stomach which is small, tapering and res- 
tricted to the 19th segment. The walls of 
the stomach are produced internally into 
transverse folds. The stomach continues 
as intestine occupying 20th to 22nd seg- 
ments. It is a narrow and straight tube and 
its internal wall bears longitudinal and 
transverse folds to increase the surface 
of absorption. The intestine narrows 
down at the posterior end and enters into 
the rectum. It extends from 22nd to 26th 
segments. It is thin-walled and it opens 
to the outside through anus which is 
placed on the dorsal surface of the 26th 
segment. 

Feeding and digestion. Lccch is an 
ectoparasite animal and lives on the blood 
of vertebrates. A crop full of blood may 
weigh about 300 gins and is digested and 
absorbed in several months. A leech gets 
attached to the body of its prey by the 
posterior sucker. The cup-shaped anterior 
sucker is then suitably placed to the soft 
site on the host skin. The jaws arc pro- 
truded and their serrated margins then 
play on the skin of the prey by the action 
of muscles. 


Ultimately a tri-radiate wound is made 
and blood comes out. This blood is sucked 
into the pharynx by alternate contraction 
and expansion of pharyngeal muscles. The 
secretion of the salivary glands contains 
an anti-coagulating agent, hirudin , which 
prevents coagulation of blood and thus 
a continuous flow is maintained. Blood 
passes into the crop and caeca and 
is stored there. The stored blood inside 
the crop becomes transformed into a jelly- 
like mass by the process of haemolysis. 

A drop or two of the blood enter into 
the stomach from the 10th crop and the 
flow is controlled by sphincter. The blood 
is digested here and changed into a green 
mass. Proteolytic enzymes secreted by the 
stomach help in digestion. The digested 
food is absorbed in the intestine and the 
residue is thrown out as black mass 
through the anus. 

Respiratory system 

As in earthworm, the skin serves as res- 
piratory organ in leeches. The skin is 
richly supplied with haemocoelomic vessels 
and being permeable, the carbon dioxide 
of the haemocoelomic fluid in the 
capillaries is exchanged for oxygen dis- 
solved in water. In some leeches as 
Branchellion , lateral outgrowths of the 
body wall serve as gills for respiration. 

Circulatory system 

A closed blood- vascular system like that 
of earthworm is absent in leeches. The 
blood vessels are represented by coelomic 
channels, filled with blood-like fluid. These 
channels form the haemocoelomic system. 
The coelomic fluid contains haemoglo- 
bin. Colourless corpuscles arc circulate 
through these channels. 

The haemocoelomic system consists of 
(1) four longitudinal channels (Fig. 15.33), 
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Fig. 15.33. Diagrammatic representation of haemocoelomic system in a segment of leech. 
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two of which run laterally , one on each side, 
one runs along the mid-dorsal line and the 
other along the mid-ventral line; (2) elabo- 
rate branches arise from these channels 
and (3) a large number of spaces , some of 
which are coeloinic, while the others are 
of unknown nature. The four channels arc 
in direct communication to each other at 
the posterior part of the body. 

Different Longitudinal Channels 

(i) Dorsal channel. It runs along the 
mid-dorsal line beneath the body wall and 
remains firmly attached to the gut. The 
girth of the channel is more or less uniform. 
In each segment the dorsal channel gives 
two pairs of dorso-lateral branches. 

The dorso-lateral branches arise from 
the ventral surface of the dorsal channel 
and run to the dorsal and dorso-lateral 
sides of body where they form capillary 
plexus . The dorsal channel gives a large 
number of small dorso-intestinal branches to 
the alimentary canal. 

At the 6th segment the dorsal channel 
breaks up and forms a network of capil- 
laries in the anterior five segments. At the 
22nd segment the dorsal channel becomes 
bifurcated. These branches pass down- 
ward round the rectum to enter into the 
posterior dilatation of the ventral channel. 
Thus a direct communication between the 
dorsal and ventral channel is established. 

The dorsal channel and its branches are 
devoid of muscular walls and valves. 'The 
flow of fluid is from posterior to anterior 
end. 

(it) Ventral channel. It runs beneath 
the alimentary canal and encloses the 


ventral nerve cord. Anteriorly, it encloses 
the cerebral ganglia, peri-pharyngeal 
nerve ring and the subpharyngcal ganglia. 
Posteriorly, it encloses the terminal 
ganglia. The ventral channel extends from 
anterior to posterior and is larger in dia- 
meter than the dorsal channel. 

In each segment, the ventral channel 
gives a pair of branches from the level of 
each ganglion. Each branch bifurcates 
into two forming a ventral branch which 
forms a capillary network on the ventro- 
lateral wall and an antero-dorsal branch 
which runs vertically upward and forms 
dorso-lateral capillary network on the skin. 

In 6th to 22nd segments, the ventral 
channel gives in each segment a pair of 
nephridial branches. The nephridial bran- 
ches arise from ventral channel behind 
the nerve ganglion in each segment and 
run outwards. They form saccules called 
peri-nephrostomial ampullae around each testis 
sac and give off minute branches to 
nephridium and ultimately break up to 
form capillaries on the lateral body wall. 

The ventral channel and its branches 
are thin-walled and without valves. 

The direction of movement of hacino- 
coelomic fluid is from the anterior to the 
posterior end. 

(iii) Lateral channel. The two lateral 
channels which have muscular walls run 
symmetrically one on each side of the 
alimentary tube. The diameter of the 
channels is wider at the posterior third of 
the body. 

Each lateral channel gives off in each 
segment a single later o-ventral branch which 
soon bifurcates to form anterior and 



Fig. 15.34. Diagrammatic representation oflateral channels and their tributaries 

in a segment of leech. 
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posterior branches. These two branches 
join with their counterparts from the other 
lateral channel in the mid- ventral line and 
beneath the ventral channel forming 
ventral commissure of the laterals. There are 
eighteen such commissures in the segments 
between 6th and 23rd. The commissures 
of successive segments are in communica- 
tion with each other through three inter - 
segmental and longitudinal commissural bran - 
ches. Fig. 15.34 shows the disposition of 
lateral channels and their tributaries in a 
segment of leech. 

There is no valve around the place of 
origin of the lalern-vmtral but valves arc 
present in the place of origin of its bran- 
ches. 

The lateral channel receives a latcro - 
lateral and latcro-dorsal branch in each seg- 
ment. The latero-lateral branches come 
from lateral body wall and from the 
nephridium of the same side and segment. 
The latcro-dorsal is a large branch formed 
by the union u. branches coining from 
dorsal and lateral body wall, the gut and 
nephridium of the same side and segment. 
Each latero-dorsal meets its fellow from 
the opposite side above the dorsal channel 
to form dorsal commissures of the lateral 
channels. There are .seventeen such loops 
between 6th and 23rd segment. 

In each segment lateral commissures join 
the latero-dorsals and latero-latcraLs. 

Both latero-dorsals and latero-laterals 
are collecting vessels and pour their 
contents into lateral channel of the same 
side. The place of entrance of latero-dorsal 
and latero-lateral into the lateral channel 


is guarded by valves. The movement of 
fluid in the lateral channels is from 
behind forward. 

Anteriorly both the lateral channels 
break up in the 5th segment into capillaries 
but posteriorly they open into the dilation 
of the ventral channel where a direct 
communication is formed between 
all the four channels (Fig. 15.35). 
Fig. 15.36 shows the disposition of 
haemocoelomic channels in transverse 
sections. 
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Fig. 15.35. Posterior end of leech showing 
the union of four longitudinal haemocoelo- 
mic channels. 
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Fig. 15.36. Transverse sections of leech showing haemocoelomic channels. A — Dorsal and ventral 
commissures oflateral channels. B-~- Abdomino-dorsal and ventral branches. 
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Mechanism of blood circulation. The 

dorsal and ventral channels are dis tribu- 
tary in function and the two lateral chan- 
nels are both distributory and collecting 
in nature. 

The dorsal channel supplies dorsal and 
dorso-lateral parts and the entire alimen- 
tary canal. 

From dorsal and dorso-lateral body 
wall haernocoelomic fluid goes direct to 
the lateral channel through latero-dorsals. 
From alimentary canal the fluid runs 
through two latero-intestinals via dorsal 
commissures of the laterals. 

The ventral channel supplies the ven- 
tral, ventro-lateral body walls and neph- 
ridia. The fluid from these parts returns to 
the lateral channels through latero-lateral 
and latero-dorsal branches. 

Each lateral channel distributes to the 


nephridia, genital organs, gut and ventral 
body wall through latero-ventrals and 
receives back from these regions through 
latero-laterals and latero-dorsals. 

Excretory system 

Excretory system consists of nephridia. 
There are seventeen pairs of nephridia- 
one pair each in 6th and 22nd segments. 
Thus the first five segments and the pos- 
terior four segments are devoid of neph- 
ridia. Of these seventeen pairs, the an- 
terior six pairs lie in the pre-tcsticular 
segments and are called pre-testicular neph- 
ridia and the remaining eleven pairs in 
the testicular segments, are called testicular 
nephridia. 

Structure of a testicular nephridium. A 

typical testicular nephridium (Fig. 15.37) 
consists of ( a ) main lobe , ( b ) apical lobe , (c) 
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Fig. 15,37. Complete testicular nephridium of leech (A). Longitudinal sectionsnf its main lobe 
(B), inner lobe (G), initial lobe (D) and apical lobe (E)„ 
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initial lobe , (d) ciliated organ , (e) inner lobe , 
(f) vesicle duct and vesicle . 

(a) Main lobe. It is a horse-shoe-shaped 
structure and vcntro-lateral in position. 
The main lobe consists of two unequal 
limbs, anterior and posterior. The 
anterior limb is larger in size than the 
posterior and the two together at their 
junction form the bend of the horse-shoe. 

(b) Apical lobe. The posterior limb of 
the main lobe passes forward to form the 
stout apical lobe. It lies in an antero- 
posterior position beneath the gut. Its 
anterior end is bent upon itself. 

(c) Initial lobe . It runs as an extremely 
long and slender lobe twined round the 
apical lobe. At its anterior extremity it 
runs as a slender thread of cells towards 
the testis sac and ends abruptly by the side 
of the perinephrostomial ampulla . While at 
its posterior extremity it joins the main 
lobe near the point of emergence of the 
vesicle duct. 

( d ) Ciliated organ. The ciliated organ 
lies in the peri-nephrostomial ampulla. It 
is a compound structure made up of a 
central reservoir and ciliated funnels. The 
reservoir is spongy in nature. The ciliated 
funnels are present in a large number on 
the wall of the reservoir. Each funnel is like 
an ear-lobe having a broad distal end and 
a proximal neck which fits into pores 
situated on the wall of the reservoir. The 
funnel is made of five to six cells arranged 
in two tiers and is densely ciliated. The 
ciliated organ has no excretory role in 
adult leeches and is associated with 
haemococlornic system. 

(< e ) Inner lobe. It lies in the inner conca- 
vity of the main lobe and runs forward 
along the outer border of the apical lobe 
about half its length. 

(/) Vesicle duct and vesicle. The inner end 
of the anterior limb of the main lobe gives 
rise to a vesicle duct. The vesicle duct 
opens into the terminal vesicle. The 
vesicle is a large oval sac lying behind 
the nephridium and fixed to the ventro- 
lateral body wall. The vesicle leads into 
a narrow canal which perforates the body 
wall and opens to the outside by nephridw - 
pore . . 

Histology of nephridium* The neph- 
ridium bears internally a central canal and 
in each lobe there are cells surrounding 
the canal. 


Main lobe. Cells are large and polyhedral 
in shape. Each cell is provided with a 
narrow lumen which branches repeatedly 
and forms systems of fine capillaries which 
anastomose with those of neighbouring 
cells and open into the central canal. 

Apical lobe. Cells are large and radially 
arranged round the central canal. The 
cells are pierced by intracellular canals. 
These canals join with one another to 
form a network which opens at places into 
the central canal. 

Initial lobe. The initial lobe is very thin 
and is made up of a single row of elongated 
cells placed end to end. The cells are per- 
forated by a continuous intracellular canal 
which gives off several diverticula in each 
cell. The canal ends blindly at the testis 
sac while its other end opens in the 
main lobe close to the place of origin of the 
vesicle duct. 

Ciliated organ. The central reservoir is a 
spongy mass having an outer wall formed 
by a single layer of perforated cells enclos- 
ing a central mass of connective tissue cells 
and corpuscles. The funnels that fit in the 
pores of the outer wall are composed of 
five to six cells arranged in two tiers. The 
outer margin and the inner surface of each 
funnel are densely ciliated. 

Inner lobe. The cells are elongated and 
tubular. The pores inside the cells are 
extensive and as a result a thin peripheral 
cytoplasm with nucleus is encountered. 
Five or six of these cells line the central 
canal. 

Vesicle, duct and vesicle. The vesicle is thin- 
walled and is lined internally with ciliated’ 
epithelium. The vesicle duct and the out- 
going duct from the vesicle are both non- 
ciliatcd. A sphincter muscle is present 
round the opening of the outgoing duct 
from the vesicle. 

Route of central canal inside the neph- 
ridium. The central canal follows a 
long and zigzag course throughout the 
body of the nephridium. It makes one 
complete and another incomplete round 
of run inside the body of the nephridium. 
The canal begins as a large intracellular 
lumen in a single cell at the anterior end 
of the apical lobe. Them ft comes down the 
apical lobe to enter the inner lobe from 
where it goes to the posterior border of the 
anterior limb of the main lobe. From the 
main lobe, it passes along the outer 
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border of the apical lobe and on being 
embedded in it completes the first 
c round\ The canal then loops back- 
ward and traverses the apical lobe. On 
reaching the posterior limit of the apical 
lobe it passes onto the posterior limbs of the 
main lobe. After traversing the main lobe 
and forming many loops in it the canal 
emerges from the posterior Up of the ante- 
rior limb and continues into the vesicle 
as vesicle duct. The second part of the 
canal is incomplete by one- fourth ‘round’. 

Pre- tes d cular nephridium 

Structurally these nephridia resemble 
the testicular nephridia except that they 
lack ciliated organs. This is because the 
testis sacs in those segments are not 
formed. The initial lobes end loosely 
within the connective tissue on each 
side of the ventral nerve cord. 

Role of nephridium and ciliated organ 

In the body of leech the haemocoelomic 
fluid , i.e. blood and coelomic fluid, are 
not present as separate entities as they 
are in earthworm. The ciliated organ 
though considered along with excretory 
structures is totally separated from 
nephridium in an adult leech. The ciliated 
organ bathes in haemocoelomic fluid and 
has no excretory role. It is subservient to 
haemocoelomic system and manufactures 
haemocoelomic corpuscles. While the 
body of the nephridium minus the ciliated 
organ is richly supplied with lateral chan- 
nels. It is excretory and osmoregulatory 
in functions. 

Many workers believe that the Botryoi- 
dal tissues are excretory in nature. 

Nervous system 

The nervous system of Hirudinaria 
shows basic similarity to annelidian type 
as seen in earthworm (Fig. 15.38). But 
fusion of several anterior and posterior 
ganglia due to abbreviation of segments 
to form the anterior and posterior suckers, 
is a new feature. 

The nervous system may be considered 
under three heads — (a) the central nervous 
system , (A) the peripheral nervous system and 
(r) the sympathetic nervous system. 

(a) Central nervous system. It con- 
sists of a pair of closely-connected cere- 
bral ganglia in the fifth segment and 


lie above the roof of the pharynx. A tri- 
angular SUBPHARYNGEAL GANGLIONIC MASS 
is situated in the fifth segment and lies 
beneath the pharynx. It has been formed 
by the fusion of four pairs of ganglia. The 
cerebral ganglia and the subpharyngeal 
ganglionic mass are connected to each 
other by peripharyngeal connectives 
which form a stout ring round the 
pharynx. A ventral nerve cord runs 
along the mid-ventral line from the 
subpharyngeal ganglionic mass to the ter- 
minal ganglionic mass lying within the 
posterior sucker. The ventral nerve cord in 
reality is a double chain closely apposed 
to each other and bears 21 fused ganglia. 
The first annulus of the segments from 
sixth to twenty-sixth houses the ganglia. 
The terminal ganglionic mass is a large 
oval body formed by the fusion of seven 
pairs of ganglia. These seven segments 
constitute the posterior sucker. 

( b ) Peripheral nervous system. Ner- 
ves given off from the ganglia of the 
central nervous system of different parts 
of the body form the peripheral nervous 
system. 

Each cerebral ganglion gives a stout 
branch to the eye of its own side and also 
gives fine brandies to prostoinium and 
roof of buccal chamber. 

The subpharyngeal ganglionic mass 
gives off four pairs of nerves which 
innervate the 2nd, 3rd, 4th and 5th pairs 
of eyes. Nerves from this mass also go to 
the floor of the buccal cavity, muscles of 
the body wall and segmental receptors of 
the first five segments. 

Each paired ganglion of the ventral 
nerve cord gives off two pail's of nerves, 
the antero- lateral and postero- lateral. The 
an tero- lateral originates from the anterior 
part of the ganglion and continues through 
the first annulus to supply the. body wall, 
sphincter around the nephridjjopores and 
the receptors. Near its origin jit gives ofF 
a branch from which finer branches arise 
to supply the nephridium, thefvesicle and 
reproductive organs. 

The postero-lateral originates from the 
ganglion and a little behind the antero- 
lateral. It bifurcates into two branches. 
One branch runs vertically upward to 
inner /ate the viscera and mid-dorsal 
region of the body wall while the other 
branch runs posteriorly along the ventral 
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body wall and supplies the testis sac, ven- present in the form of nerve plexus lying 
tral part of the viscera and muscles. beneath epidermis within muscle layers of 

(c) Sympathetic nervous system. It is the body wall and on the wall of the 
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Fig. 15.38. Nervous system of leech (A). Enlarged view of its anterior part (B). 
Transverse section of a paired ganglion (C). Enlarged view of its posterior 
part (D). 
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alimentary canal. These plexuses are con- 
nected to the peri-pharyngeal nerve ring 
through scattered multipolar ganglionic 
cells. 


by a group of flattened and overlapping 
cells. The receptors are tactile in nature. 

(c) Segmental receptors. These are 
present as elevated and elliptical papillae 


Receptor organs 

There are specially modified epidermal 
cells to serve as receptor organs (Fig. 
15.39). These cells remain scattered and 
sunk within the body wall. In true sense, 
these cells cannot react themselves to the 
external stimuli but act as avenues of 
approach to the central nervous system. 
The different receptors found in leech are : 

(a) Eyes. There are five pairs of eyes — 
one pair in each of the first five anterior 
segments. The first and second pairs of 
eyes are larger than the rest. The fifth 
pair are the smallest. The eyes are oriented 
in different directions. The first pair are 
directed forward, second pair forward and 
outward, the third upward, fourth back- 
ward and outward and the fifth backward. 

Each eye is cylindrical in shape and the 
axis of the cylinder remains at right angle 
to the body surface. The broad outer 
surface of the eye is formed by a convex 
epidermal layer over which lies the cuticle 
(Fig. 15.39C). Both the cuticle and the 
epidermal layer are transparent. The rest 
of the cylinder are packed with cells 
arranged in longitudinal rows. Each cell is 
large, clear and refractile and bears a 
cresentic hyaline substance called lens or 
optic organella at the centre. The cytoplasm 
is peripheral and the nucleus is round in 
these cells. The walls of the cylinder 
enclosing these cells are pigmented and 
are called the pigment cup. An optic nerve 
enters in each cylinder at its basal end 
and runs along the middle line. 

The cells within the cylinder are photo- 
receptors. It is not known whether the eyes 
can form images of external objects. It is 
reasonable to assume that the eyes can 
distinguish light from darkness and 
thereby can find out the direction or the 
source of light. 

( b ) Annular receptors. Arranged in a 
line across the middle of each annulus 
of a segment there are annular receptor 
organs (Fig. 15,39B). Each annulus bears 
eighteen such organs on its dorsal and 
eighteen organs on its ventral surface. 
These receptors are represented as papillae 
projecting out of the skin and are formed 
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Fig. 15.39. Receptor organs of leech (sectional 
view). Annular receptor (A). Dorsal segmental 
receptor (B). Eye (G). 
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on the first annulus of each segment of the 
body. Four pairs of segmental papillae 
occur on the dorsal surface and three pairs 
on the ventral surface. 

In each papilla there are ten to fifteen 
cells. The cells are elongated in shape and 
remain separated from one another by 
intercellular spaces. Each cell is provided 
with hair-like processes at its outer free 
end (Fig. 15.39B). The nucleus is oval 
and the cytoplasm is finely granular in 
each cell. The cells are tactile in function. 


15.40). But they always practice recipro- 
cal insemination during copulation. 

Male reproductive system. It consists 

of (a) testis sacs , (b) vasa efferentia , (c) vasa 
deferent ia, (d) epididymis , (e) ejaculatory 
duels and (f) atrium.. 

There are eleven pairs of testis sacs. 
Each segment from twelve to twenty 
second houses a pair of sacs one on either 
side of the ventral nerve cord. The sacs 
are spherical in outline and whitish in 
colour. Being a part of the coelom the 



Fig. 15.40. Part of the body of leech showing a portion of 
ventral nerve cord, reproductive systems and a few nenhridia. 


(rf) Free nerve endings. These are 
simplest of all receptors and consist of a 
tuft of delicate fibres scattered between the 
epidermal cells of the body wall. These 
nerve endings help the leech to detect 
chemical changes in the watery medium 
in which it lives. Hence they arc consi- 
dered as chemoreceptors. 

Reproductive system • 

Hirudinaria is a hermaphroditic animal, 
i.e. both male and female reproductive 
organs occur in the same individual (Fig. 


cavity is lined with coelomic epithelium 
and is filled with coelomic iluid. Spermato- 
gonia or sperm mother cells are budded off 
fr n the inner walls of the sac. 'These cells 
float in coelomic fluid and later on develop 
into sperms. The vasa deferentia are a pair of 
longitudinal ducts running forward from 
22nd segment to 11th segment along the 
ventral body wall. They ace slender and 
lie one on either side of the ventral nerve 
cord. The testis sacs and the vas deferens 
of one side are connected by a very short 
and wavy duct called vas ejferens. There 
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are eleven pairs of vasa efferentia. The 
vasa deferentia become separate from the 
coelomic epithelial coverings in the middle 
of the 1 1 th segment and form a pair of 
slender tubes. Each tube then turns in- 
wards and becomes much convoluted to 
form the epididymis. A narrow and muscu- 
lar ejaculatory duct arises from the anterior 
end of each epididymis. The ejaculatory 
ducts open into the atrium. The atrium 
is a pear-shaped organ lying mid-ventrally 
between 9th and 10th segments. It con- 
sists of an anterior swollen base, the 
prostate and a slender posteriorly directed 
neck — the penis sac . The prostate houses 
several layers of unicellular glands called 
prostate glands which pour their secretions 
through long ducts. The penis sac is mus- 
cular and bears a coiled and filamentous 
tube called penis. The penis is eversible. 

The sperms are carried to the epididymis 
through the two vasa deferentia and they 
remain stored there. From each epididy- 
mis sperms pass to the base of the atrium 
where they are bound together to form 
packets of spermatophnres by the secretion of 
the prostate glands. 'Hie spermatopliores 
are transferred to the vagina of another 
leech during copulation through the 
tubular penis. 

Female reproductive system. 'The fe- 
male reproductive system includes (a) ovi- 
sacs , (b) oviducts , (c) common oviduct and 
(d) vagina.. 

There is only one pair of ovisacs situated 
in the 11th segment and very close to the 
ventral nerve cord. Each sac is coelomic 
in origin and contains a filamentous rib- 
bon-shaped organ called ovary. The ovary 
appears as a nucleated cord of protoplasm 
with dilated ends. A short oviduct arises 
from the base of each ovisac. The two 
oviducts join to form the common oviduct in 
the 11th segment. The anterior part of 
the common oviduct is encased in a thick 
layer of albuminous glands. The glands arc 
formed by cluster of cells which open into 
the common oviduct by individual ducts. 
The posterior part of the common oviduct 
takes a curved course and opens into the 
vagina. The vagina is a pear-shaped 
muscular structure which remains in the 
posterior part of the 1 1 th segment and 
opens to the exterior by the female gono- 
pore situated on the mid-ventral line of 
the 11th segment. The inner walls of the 
vagina are thrown into folds. 


The ova originate as buds from the wall 
of the ovaries and pass onto the common 
oviduct where they become wrapped in 
albumen and ultimately they come down 
to the vagina and remain stored there. 

Conjugation. Leeches practise cross- 
fertilization. During copulation two indi- 
viduals come together and become applied 
to each other in a head to tail position and 
as a result the male gonopore of one 
individual lies apposed to the female 
gonopore of the other and vice versa. 
Consequently the penis of one gets into 
the female gonopore of the other, and 
there occurs a mutual exchange of sper- 
matophorcs. The entire process continues 
for about an hour and then the individuals 
separate. Fertilization occurs inside the 
vagina. The usual breeding season is 
early spring. 

Cocoon formation. In the mean time 
the glands of the clitellar segments secrete 
a snow-white foamy girdle around the 
clitcllum. The leech then tries to free itself 
out of the girdle by wriggling. During 
this activity fertilized ova are squeezed 
out into the jelly of the girdle. 'The leech 
finally frees itself out of the girdle and the 
two ends of the girdle arc quickly plugged 
by the secretion of prostomial glands. 
And thus a cocoon is formed. Cocoon 
formation takes about six hours to become 
completed. 

Structure of cocoon. The shape of 
cocoon is like that of a barrel and it mea- 
sures 30 mm in length and 15 mm in 
breadth. It is yellowish in colour and has 
a chi ti nous wall. The wall consists of an 
outer spongy layer and a tough inner 
layer. The narrow ends of the cocoon 
are provided with polar plugs with conical 
projections. The spongy layer encloses a 
large number of air bubbles which keep 
the cocoon afloat on water. The cocoon 
is filled with albumen in wluch float the 
fertilized ova. The cocoon mfcy house one 
to two dozen of such ova. 

?■ 

Development and emergence of young 
leeches. Development is direct and occurs 
within the cocoon and the process is com- 
pleted in about fifteen days. The albumen 
of the cocoon is u§ed as food during deve- 
lopment. When development becomes 
completed the polar plugs drop off and 
young leeches come out. 
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Example of the Phylum Annelida — 

POL TG0RD1US 


Habit and Habitat 

These marine animals live in seashores 
by holding sand grains or fine gravels with 
the help of secretions. They take minute 
algae by removing them from sand grains. 

External structures 


The body of Polygordius is slender, 
elongated, cylindrical and measures 
about 2-10 cm in length (Fig. 15.41). 



Fig, 15,41. Life cycle of Polygordius (after various 
sources.). 


The segmentations are 'poorly marked, 
specially at the anterior part. Numerous 
identical segments are marked at the 
posterior part. The prostomium contains 


a pair of tentacles. The dorso-Iateral 
sides of the body behind prostomium 
bears a pair of ciliated grooves. The 
perislomium is more developed than the 
prostomium. Mouth is vcntrally placed 
near the junction of prostomium and 
peristomium. The posteriormost segment 
which contains anus , is broad and conspi- 
cuous. A series of tooth-like processes are 
present round the anus and a circlet of 
adhesive papillae lie in front of it. The para- 
podia are absent and setae are rarely seen. 

Body wall 

The body wall resembles that of other 
annelids but the layers of circular muscles 
are absent. 

Coelom 

The body cavity or coelom is largely 
obliterated. The septa are well-marked 
and complete. 

Digestive system 

The mouth leads into an alimentary 
canal which includes short, slightly 
protrusible buccal chamber , oesophagus , sto- 
mach and intestine. The entire length of the 
canal is internally lined by cilia. The anus 
becomes conspicuous due to the presence 
of tooth-like processes and adhesive papil- 
lae. The animals feed on small algae. 

Circulatory system 

The circulatory system is represented 
only by a dorsal and a ventral vessel which 
run longitudinally. Those two vessels are 
connected by several transverse or lateral 


Excretory system 

The system includes a series of meta- 
inerically arranged nephridia , excepting in 
the first and last segments. The internal 
opening of each nephridium is situated on 
the proceeding segment and its external 
opening is called nephridiopore. 

Nervous system 

A pair of cerebral ganglia in the prosto- 
mium and a ventral nerve cord without seg- 
mental ganglia, represent the nervous 
system. The ventral nerve* cord is em- 
bedded within the epidermis. The paired 
ciliated grooves which are present behind 
the prostomium probably act as sense 
organs. 
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Reproductive system 

Sexes are separate. The females are 
usually larger than the males. Sex organs 
and ducts are not well recognised. Testis 
or ovary develops from the coelomic epi- 
thelium and the sex cells are discharged 
in the body cavity. In both the sexes, the 
reproductive cells are liberated by the 
rupturing of the body wall. Fertilization 
is external. The egg contains little yolk 
and the incidents of early development 
resemble that of Nereis. Here instead of 
epibolic movement of the micromeres the 
macromeres invaginate. The larva which 
is also called trochopkore (Fig. 15.41) resem- 
bles in all respects the tree hop h ore of 
Nereis . It is spherical and filled up with 
body fluid. 

The adult worm is formed by posterior 
elongation and segmentation of the anal 
end of the trochophore. Each segment 
possesses a part of gut with enveloping 
mesoderm and ectoderm. The mesoderm 
in these segments split to give rise to 
coelom. The body gradually elongates 
and the trochophore shape remains as 
swollen ‘head’ of the metamorphosing 
larva. This end gradually transforms into 
the head of the adult. 

The life history of Polygordius thus 
exhibits a scheme whereby a triploblastic 
coelom ate organism may be evolved from 
a simple diploblastic gastrula; it ajso 
speaks about the origin of metameric seg- 
mentation. 

Members of the class Archiannelida arc 
considered as ancestral forms from which 
larger groups of annelids have been 
evolved. Addition of parapodia and setae 
and removal of ciliation and the connec- 
tion between nervous system and epidermis 
in an archiannelid converts it to a 
chaetopod. Such resemblance speaks about 
their phylogenetic interrelationship. 

SOME IMPORTANT ANNELIDS 

In addition to the examples discussed, a 
large number of animals are seen which 
either belong to this phylum or are closely 
related to it. A brief account of a few 
interesting members are given below: 

Polychaetes 

This group includes heterogeneous 
forms where variation is marked not only 
in size but also in habits and structural 


organisation. Following examples will 
illustrate the range of diversities : 

Arenicola. Burrows in sand; tentacles are 
absent; prostomiurn is fused with peristo- 
mium; body is distinctly divisible into 
three regions — anterior region with seven 
segments bearing setae, middle region of 
thirteen segments with branched gills and 
setae, and posterior region of several seg- 
ments without gills or setae; nephridia are 
six pairs; possesses statocyst; build L- or 
U-shaped tubes within the burrows; tubes 
cannot be separated from burrows; gills 
are red in colour ; ventral branch of para- 
podia has pads; reproductive cells are 
liberated through nephridia; maturity 
reaches after two years and the reproduc- 
tive phase lasts for two weeks (Fig. 15.42A). 

Sabella. Usually 10-25 cm in length; 
number of segments vary from 100r -600; 
live within tubes which are made up of 
mucin and encrusted with mud; gill fila- 
ments arise from a semicircular base; 
lilaments are of equal sizes; operculum is 
absent; long-ciliated faecal groove runs 
from the anus to the opening of the tube to 
throw out faecal matters; faecal groove 
runs dorsally along the thorax; prosto- 
mium is reduced and encircled by whorls 
of tentacles which are arranged like a 
funnel; blood is green (Figs. 15.42B-BJ. 

Chaetopterus.Us ual lv 1 5 25 cm in length ; 
lives within parchment like U-shaped tube 
and is luminiscent; mouth is wide and 
funnel-shaped; gills are absent; peristo- 
miurn is long; three pairs of parapodia 
situated in the middle of the body are 
long and act as fans to draw water inside 
the tube (Fig. 15.42E); reproduction is 
usually asexual and by transverse fission; 
several worms may live within one tube 
and also other animals may stay within 
the tube as commensals. 

Amphitrite and Terebella. Both of them 
are tube-dwellers but can lejave their tube 
to move like snakes; prostomiurn bears in- 
completely retractile multi*grooved ten- 
tacles; gills arc three pairs? and in Tere- 
bella, the third pair is small.J 

Serpula and Spirorbis. Live within tubes, 
which are formed by mucin impregnated 
with calcareous bodies • possess a crown of 
many tentacles derived from the prosto- 
mial palps; tentacles are feathery on 
both sides and one tentacle acts as oper- 
culum; ciliary feeding takes place; 
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tentacles are richly vascularised and act as 
gills; Serpula is 5-7 cm in length and has 
200 segments. In Spirorbis, the body is 
grooved on one side and the groove acts 
as brood pouch. 

Aphrodite. It is popularly known as ‘sea- 
mouse’ (Fig. 8.9G) ; body is usually 
broad and compact; hard jaws are absent 
in the proboscis; dorsal cirri arc modified 
to form plate-like structure called elytra 
which act as gills; number of elytra vary 
from 1 5-20 and in addition to their func- 
tion as respiratory structures the elytra 
produce water- current within the bur- 
rows; setal threads arise from notopodium 
and form an anstomosing network on the 
dorsal side; capable of digging burrows 
from 5-50 m deep. 


Polynoe. Body is short and dorsoventrally 
compressed (Fig. 15.42D); provided with 
elytra like those of Aphrodites; proboscis 
bears four jaws. 

TomoptcHs.^lf lagic ; body is transparent; 
presence of one pair of lateral appendages 
at the anterior end; proboscis is unarmed 
and can be everted; parapodia arc large 
and paddle-like, birarnous and without 
setae; length usually 1 '2 8‘ 7 mm; one 
pair of eyes are present. 

Autolytus. Size is small (Fig. 15.42C), 
usually 5-30 mm in length ; teeth are pre- 
sent on the proboscis; parapodium is uni- 
ramous; presence of alternation of asexual 
and sexual generations— asexual forms 
develop from zygote by a process called 



Fig. 1 5.12. Some interesting annelids (alter various sources). A. Arenhola. B. Sabella within 
tube. B,. Sabella outside the tube. C. Autolytus. D. toxynoe. E. Chactopterus. 


Eunice. Elongated body having eversible 
proboscis with tooth plates and teeth; 
presence of cirrus in place of dorsal parapo- 
dium ; notopodium beai% a branched gill ; 
setae are straight; length varies from 3-70 
cm in different species and some may con- 
tain more than 500 segments (Fig. 8.9F). 

20 [vol. i, 76] 


budding. The process includes prolifera- 
tion and construction at the posterior end 
and such buds develop into sexual gene- 
rations. Males and females are different 
and both are dissimilar to the parent as 
regards the appearance of parapodia and 
setae. 
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Oligochaetes 

The oligochaetes arc simple and com- 
pared to the polychaetes they are less 
varied. The aquatic members are much 
smaller than the terrestrial forms; in 
aquatic form male genital Aperture lies in 
front of the fema'lea perture. Some well- 
known forms are discussed below : 

Megascolex. Terrestrial and large sized; 
presence of several nephridia in each seg- 
ment. 

Tubifex. Length varies from 2*5- 8’ 5 cm; 
red in colour; anterior part of the body 
remains within a tube of mucus and the 
posterior end waves rapidly. With the 
slightest disturbance in the environment, 
the worms withdraw the body within the 
tube. With the decrease of dissolved oxygen 
in water, the worm increases its extension 
from the tube; reproduction is asexual. 


integument; presence of asexual reproduc- 
tion at regular intervals, resulting into the 
appearance of chains of zooids which after 
separation becomes sexually matured. 

Aeolosoma. Prostoiriium large and bears 
cilia (Fig. 15.43A); cuticle is without seg- 
mental groove and septa are confined to 
loose muscles; reddish-yellow droplets are 
seen in the epidermis; organs for sexual 
reproduction are present, but usually 
asexual reproduction takes place. 

Hirudinea 

Nearly 300 species of leeches exhibit a 
uniformity in their appearance and struc- 
ture. All are hermaphrodites and are 
devoid of typical annelid appendages 
like parapodia. Body is usually adapted 
for living as ectoparasite. Some interesting 
members of this group arc discussed 
below (Fig. 15.43 B-F). 



Fig. 15.43. Some interesting annelids (contd.) (after various sources). A. Aeoloromc . B. Flirudo 
medkinalis. G. Haemofris. D. Pontobdella. E. Acanthobdella . F. Glossiphonia. 


Allolobophora. Length varies from 2‘5~ 
17 cm; usually ringed with maroon and 
yellow; some species are polyploid; one 
species (A. rosea) is parthenogenetic. 

Eisenia. Usual length is 6-13 cm; each 
segment with a red or brown band; pre- 
sence of a stinky odour. 

Chaetogaster. Usual length is O’ 1—1*5 cm; 
possesses distinct segmental grooves and 
septa; carnivorous; internal structures are 
distinctly visible through the transparent 


Haemadipsa. Length is variable — 2*5 to 
8 cm; terrestrial; possesses thfec jaws; can 
move very rapidly. v 

Haemopis. Usual length i$ 10 30 cm; 
colour is greenish-black; presence of 14 
blunt teeth on the jaws in tivo rows; us- 
ually parasitic on horses. Some species of 
Haemopis are predators and can swallow 
an earthworm. 

Branchellion. Marine and parasitic on 
ray fishes; cylindrical body with bell-like 
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anterior sucker; one part of the body is 
narrow and the other part is broad; pre- 
sence of foliaceous respiratory plates on the 
lateral sides of the body. 

Pontobdella. Marine and parasi tic on bony 
fish; most features resemble Branchellion , 
only difference is the presence of leathery 
skin with knob-like structure. 

Acanthobdclla. Length is usually 2 -37 
cm ; lives as a parasite on Salmon fish and 
in addition to blood, eats skin and fin 
tissues; anterior sucker is absent; anterior 
part: is flattened and here each segment 
bears two pairs of setae. 

Glossiphonia. Body is dorso-vcntrally flat- 
tened but oval in outline; length is O‘D-3 
cm; parasite on fresh-water snails and 
aquatic insects; anterior sucker is flat but 
posterior sucker is cup-like; three pairs of 
eyes are present; a ventral groove carries 
the eggs and young ones. 

Hirudo. Common medicinal leech is 
known as Hirudo mcdicinalis ; dark green 
body with six red, yellow or brown colou- 
red elongated bands; presence of 100 sharp 
teeth; size of cocoon is 2 3 cm in length. 

Echiurids 

This group includes 150 species, of 
which the largest is Ike da laenioidcs (185 
cm). All are marine and possess a long 
proboscis, spacious coelom, melancphridia 
and fairly simple vascular system. The 
features of a few interesting members of 
this group are given below: 

Bone Ilia. It exhibits extreme sexual 
dimorphism —female with large oval and 
green coloured body and minute male 
(3 mm) lives within the female (lug. 
15.44). Nearly 85 males are seen within 
the foregut of a female. A few reach up to 
the distal end of the metanephridia and as 
it acts as reproductive duct, these males 
get the opportunity to fertilize the ova. 
In female, the proboscis is very long ( 1 m) 
and its terminal end is bifurcated as arms. 
The body of the female has numerous 
papillae and integument has poisons for 
protection. The proboscis has a groove on 
its ventral side which leads into mouth 
near the anterior end of the body. The 
minute male has an outpr ciliated cover- 
ing, but proboscis, mouth and anus are 
absent. Most part of gut is converted into 
sperm duct. Development involves the 
appearance of a free swimming larva with 


much yolk. According to their genetic 
make-up all the larvae are females in the 
beginning. One which comes in contact 
with a female becomes male otherwise it 
develops as a female. 



Fig. 15.44. Bond lia (iLfter various sources). Male 
(within a circle) shown in proportion to the size 
of a female (G). B. Enlarged view of the male 
to show inner details. 

Echiurus. Segmentation is superficial; 
trunk is barrel-shaped; prostomium forms 
piwboscis and it exceeds the length of 
trunk (Fig. 15.45A); a broad ciliated 
band is present on the ventral side of the 
proboscis, it is called gutter: presence 
of two whorls of setae at the posterior 
end; presence of insignificant brain and a 
single ventral nerve cord; always live 
within U-shaped burrows which are dug 
by bending the proboscis and the anterior 
part of the trunk; can swim by spiral 
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twisting and extension of trunk; food in- 
cludes minute organisms like diatoms, 
protozoa, algae, etc. While feeding, it 
extends the proboscis from the burrow and 
rolls it along the bottom of the water; 
ventral cilia brush up the microscopic 
food and mix it with mucus. The margin 
of the ciliated band or gutter forms a 
funnel through which food is directed to 
the mouth; one pair of thin walled anal 
sac with numerous ciliated funnels act as 
excretory organ which open to the rectum ; 
sexes are separate; two metanephridia act 
as reproductive duct; larva is a plankton 
and resembles the trochophorc. 

Sipunculids 

This group includes nearly 250 species 
of which the largest is Siphonomecus multi - 
cinctus (nearly 51 cm). The other impor- 
tant genera are Sipunculus sp. (Fig. 15.45B), 


is present at the tip of the introvert and 
around the margin of the mouth the intro- 
vert membrane is fringed and funnel- 
shaped in Sipunculus but tentacle-like in 
other ( Golfingia ). The other surface is 
covered by a chitinous cuticle and is iri- 
descent in Sipunculus . Beneath the epidermis 
the body wall is represented by circular, 
diagonal and longitudinal muscle layers 
within which epidermal gland cells are 
embedded. Ciliated coelomic epithelium 
lines the spacious coelom which extends 
within the trunk, tentacles and within the 
cuticle in Sipunculus as cuticular canal. The 
fluid within coelom is in constant circula- 
tion by the movement of cilia and it in- 
cludes — wandering leucocytes , disc-like hem - 
erythrin containing cells, reproductive cells 
and excretory cells. The extension of intro- 
vert and tentacles are caused by regulating 
the flow of coelomic fluid. The oesophagus 


proboscis 



introvert 


nephridiopore 


nephridium 

gonad 

trunk 


setae 



mouth mouth 

tentacles 


proboscis 
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midgut 


trunk- 


caudal 

appendages 



l'ig. 15.45. A. Echiurus (ventral view). B. Sipunculus (partly dissected to show th$ internal 
organs). C. Priaptdus (after Kaestoer). > 


Golfingia sp. and Pkascolosoma sp. These 
marine animals usually possess a body, 
divisible into trunk and a narrow anterior 
end. The anterior end can be involuted 
inside the trunk and thus is called introvert . 
In certain forms the extended introvert 
may exceed the length of the trunk. Mouth 


is ciliated and the remaining part of the 
canal first runs posteriorly and then coils 
in anterior direction to open through anus 
which is near the base of introvert. Ghlo- 
ragogen cells and a pair of metanephridia 
are responsible for excretion. The nephri- 
dia are present within the anterior end of 
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die trunk and open near the anus through 
a separate opening called nephridiopore. 
The nephridia also convey matured re- 
productive cells. The chloragogen cells 
are present on the lining* of the coelom 
over the intestine. After collecting excre- 
tory products these cells drop in the 
coelomic fluid. Locomotion includes 
crawling and swimming. Both are caused 
by the contractile action of introvert and 
longitudinal body muscles. Nervous system 
includes a two-lobed brain and a single 
median posteriorly directed ventral nerve 
cord. Brain is present near the mouth. 
The skin acts as respiratory surface and 
the hemerythrin in disc-shaped coelomic 
cells is responsible for binding oxygen. 
Sexes are separate and the reproductive 
organs are present in the coelomic epithe- 
lium of the anterior trunk region. 
Fertilization is external and larva 
resembles the trochophore. 

Priapulids 

This group includes only 8 species of 
which the largest is Priapulus cnudalus. The 
body is divisible into a spiny anterior in- 
trovert and a posterior trunk (Fig. 15.450). 
The introvert bears mouth, pharynx and 
brain but is without tentacles. Double- 
layered cuticle is present which is made 
up of chit in and proteins. Sensory papillae 
are scattered all over the body. Coelom 
is large and filled up with fluid-containing 
several cell-types. One or a few caudal 
appendages are present at the posterior 
end of the body to act as respiratory 
organs. The intestine is straight and on 
each side of the intestine lies a urinogenital 
organ. Each urinogenital organ includes a 
protonephridinl duct , at the one end of which 
lies numerous solenocytcs for excretion and 
the other end bears the gonads . Entire 
structure is enclosed by a membrane and 
remains attached with the body wall. The 
urinogenital organ opens through a pore 
near the anus. Moulting is very quick and 
is completed within a minute. Fertilization 
is external and the non-ciliated larva 
becomes adult after two years. 

CLASSIFICATION 

CLASSIFICATION JN OUTLINE 

PHYLUM ANNELIDA 
A. Glass Ghaetopoda 

Order Polychaeta , e.g. Nereis, Syllis , Gly- 
cera. 
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Order Oligochaeta , e.g. Pheretima , Lurnbri- 
cus , Tubifex . 

B. Class Hirudinea 

Order Acanthobdellida , e.g. Acanlhobdella . 

Order Rhyne obdellida, e.g. Pontobdella, 
Giossiphonia . 

Order Gnalhobdellida , e.g. Hirudo , Ilaema - 
dips a. 

Order Iierpobdellida , e.g. Herpobdella , 
Orobdella. 

C. Glass Archiaimelida, e.g. Polygor - 

dius , Protodrilus. 

Appendix to the Phylum 

Order Sipunculida , e.g. Sipunculus , Phasco - 
losoma. 

Order Priapulida, e.g. Priapulus. 

Appendix to Class Ghaetopoda 

Myzostomidae, e.g. My zo stoma, Slclechopus . 

CLASSIFICATION WITH 
CHARACTERS 

Class Ghaetopoda. Metamcres are 
numerous, distinct and similar; meta- 
meres bear setae or parapodia; setae are 
lodged in setigerous sacs on the epider- 
mis; coelom is internally divided into 
compartments by septa; blood-vascular 
system is well-developed, ventral nerve 
cord contains several ganglia. 

Order Polychaeta . Sexes are distinct; 
reproductive organs are simple and seg- 
mentally repeated; distinct head with eyes 
and tentacles is present; parapodia are 
well-developed bearing numerous and 
long setae; structures like cirri and 
branchiae may be present; clitclluin is 
always absent; metamorphosis is present; 
larva is a trochophore; mostly marine. 
This order is divisible into two sub- 
orders — Err anti a and Sedentaria. The 
Errantia includes examples like Nereis , 

Most modern workers divide the Phylum An- 
nelida into three main classes: 

I. Polychaeta (including marine forms). 

II. Oligochaeta (including terrestrial and fresh- 
water forms). 

II. Hirudinea (including terrestrial, fresh- water 
and marine leeches). ' 

Besides the above three major classes, two minor 
classes are recognised. They are: 

I. Myzostomaria. 

II. Archiannelida. 
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Syllis, AuLolylus , Glycera , Aphrodite , Polynoe 
and Eunice . In all of them, head is distinct 
and trunk bears parapodia which are all 
alike. In Sedentaria, head is indistinct and 
trunk is divisible into thorax and abdomen. 
The segments and parapodia are dissimi- 
lar. The common examples are Chaetop- 
terus , Arenicola, Terebella and Sabella . 

Order Oligochaeta . Head is insignificant; 
clitellum is present; parapodia and cirri 
are absent; setae are simple; no develop- 
ment without metamorphosis; usually 
hermaphrodite ; mostly terrestrial and 
fresh water forms, e.g. Pheretima , Lumbricus , 
Tubifex . 

Class Hirudinea. Body consists of defi- 
nite and limited number of segments; 
segments are marked externally by secon- 
dary annuli; usually with a suctorial an- 
terior sucker and a powerful posterior 
sucker; coelom is reduced by the presence 
of connective tissue called the botryoidal 
tissue; both sinuses and muscular blood 
vessels are present; hermaphrodite; 
development is direct; terrestrial, fresh 
water or marine; either free-living or 
permanent or intermittent parasites. 

Order Acanthobdellida. Proboscis is short; 
anterior sucker is absent, e.g. Acanthobdella 
(parasite on fishes). 

Order Rhyncobdellida . Anterior part of 
the body can be protruded or retracted as 
proboscis, e.g. Pontobdella (parasite* on 
fishes), Glossiphonia (parasite on snails and 
frogs). 

Order Gnathobdellida . Anterior and pos- 
terior suckers are developed; mouth is 
provided with two or three toothed jaws, 
e.g. Hirudo (the typical leech which is a 
parasite on vertebrates), / lulosloma , horse- 
leech, (free-living and carnivorous), 
Haemadipsa, the land leech. 

Order Herpobdellida. Mouth is not pro- 
vided with jaws, e.g. Ilerpobdella , Orobdella. 

Class Archiaxmelida. Most of the 
modern workers are of opinion that the 
archiannelids are the specialised aber- 
rant members of other annelidan 
families. The status given to the archian- 
nelids as the class is an artificial one. The 
archiannelida are unisexual, i.e. the sexes 
are separate; small in size; external 
segmentations are indistinct, setae or 
parapodia are usually absent* larva is 
trochophorc; marine, e.g. Polygordius , 
Protodrilus . 


Appendix to the Phylum 

Order Sipunculida. Adults are without 
segmentation, anterior part of the body is 
invaginable; parapodia or setae are ab- 
sent; mouth is with tentacles; anus is 
anterior and dorsal; coelom is not divided 
by septa; presence of a single pair of neph- 
ridia; sexes are separate; larva is a modi- 
fied trochophorc, e.g. Sipunculus , 

Phoscolosoma . 

Order Echiurida . Adults are unsegment- 
ed; general shape is oval or cylindrical; 
mouth is anterior and anus is posterior; 
overhanging mouth is a long and solid 
proboscis (except Saecosoma ) ; proboscis is 
sensitive and mobile; parapodia are 
absent; possess a pair of ventral setae 
(except Saecosoma ) ; coelom is undivided ; 
intestine is much coiled; a siphon is asso- 
ciated with the intestine at both ends; the 
siphon is an elongated tube having a cilia- 
ted groove; a pair of anal vesicles as sole 
excretory organ which open in the rectum; 
sexes are separate with sexual dimorphism; 
marine; larva is trochophorc, e.g. Echiurus , 
Thalassema , Bone Ilia. 

Order Priapulida . Unsegmented but 
with superficial annulations; proboscis is 
beaded with small spines; mouth has 
chitinous teeth; tentacles arc absent; 
alimentary canal is straight; blood-vas- 
cular system is absent; nephridia are 
absent; gonads arc with paired ducts 
which also serve in excretion; branchac 
are present; sexes arc separate; marine, 
e.g. Priapulus . 

Appendix to Chaetopoda 

Myzoslomidae. Disc-shaped body (in 
some cases elongated) which is devoid of 
external segmentation ; patches of cilia arc 
present on dorsal and ventral surfaces; 
presence of five pairs of parapodia with 
hooks and supporting rods; jjn between the 
marginal parapodia there are four pairs of 
suckers ; ten or more pairs iof cirri round 
the margin; pharynx can l be protruded 
as proboscis; coelom is indistinct being 
packed with parenchyma; no blood- 
vascular system; a single pair of 
nephridia with nephridia! funnel and 
nephridiopores ; , nephridiopores open in 
cioaca or to the surface, herma- 
phrodite; live as internal parasites of 
crinoids and starfishes, e.g. Myzostoma, 
Stelechopus. 
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GENERAL NOTES ON 
ANNELIDA 

Members of the phylum Annelida are 
widely distributed. In habit, form and 
structure the annelids show great diversity. 
The structural features of the annelids 
are of considerable importance in inter- 
preting those of still higher types of animals 
like arthropods and chorda tes and as such 
they are considered as valuable forms for 
study. 

HABIT AND HABITAT 

Most polychaetes are marine. Larger 
forms like Aphrodite , Glycera live in mud 
while slender and smaller forms live in 
water spaces between sand grains. Many 
forms like Polygordius , Protodrilus secrete 
sticky substances and remain attached on 
sand. In some forms the setae are used in 
attachment to the sand. Nereis vitabunda of 
Sumatra is a terrestrial form and lives in 
soil channels. Most polychaetes on being 
transferred to fresh water die, while a few 
species like N. diversicolor , Troglochaetus can 
withstand and live in fresh water. 

Oligochaetes arc fresh water animals 
though a few of them like Helodrilus are 
marine. Most oligochaetes are terrestrial 
and live on mud-shores, in forests, mea- 
dow and cultivated lands. In Borneo, a 
group of earthworms under the genus 
Pheretima, climb trees and live on barks and 
leaves of trees. 

Seventy-five per cent of the members of 
the class Hirudinea live in fresh water 
and are very common in marshes and 
ponds. South American soil leeches 
( Erpobdellidae ) live in moist soil, cow dung 
and rotten wood and act as predators of 
worms and insects. Terrestrial leeches 
usually live in moist vegetation of the 
tropics and feed on the blood of verte- 
brates. Pisicola geometra is a brackish 
water form and remains attached to 
bottom-dwelling fishes. Branchcllion is found 
attached to skates and rays. 

Echiurids are semiscssile and marine 
animals. Many forms live in burrows, 
and cavities made by other animals or on 
empty shells of molluscs. 

Annelids vary widely regarding their 
sizes. Most polychaetes are minute to 
moderate in size but Neanthes brandti of 


Californian coast attains a size of about 1*5 
metres. Oligochaetes like Chaetogaster , Aeo - 
losoma arc a few cm in length but a few 
attain giant size. Rhinodrilus fafneri of 
Ecuador and Australian Megascolides aus- 
tralis grow over two meters in length and 
25 mm in diameter. The average length of 
leeches is between 10 and 200 mm. 

GENERALISED CHARACTERS 

The annelid a as the name implies 
(annulus— ring) are segmented worms 
and the segments in many cases are exter- 
nally recognised as ring-like constrictions. 
In many forms a distinct head consisting 
of a pre-oral * prostomiunC and a post-oral 
‘ peristomiura is present. In most of the 
forms anterior, posterior, dorsal and 
ventral surfaces are well- recognised. The 
food canal is a straight tube with demarked 
regions and extends from anterior mouth 
to terminal anus. In many forms the peri- 
visceral cavity or coelom is well- developed. 
The coelom is lined with mesoderm and 
communicates to the exterior through 
paired nephridia. The body wall is mus- 
cular having circular and longitudinal 
layers of muscles and many have setae 
embedded in skin. Typical members have 
thin and non-chi tinous cuticle. The blood- 
vascular system is of closed type. The 
organs of excretion are metamerically 
arranged tubular nephridia or segmental organs 
which arc closed internally or lead from 
coelom to exterior. A scries of paired ducts 
called coelomoducls , either united with or 
distinct from the nephridia may be pre- 
sent to carry the reproductive elements 
outside. The central nervous system con- 
sists of a pair of pre-oral ganglia connected 
by commissure with a pair of ventral cords 
which is expanded at each segment to 
form ganglion. Development may be 
direct or indirect. The larva is called 
trochophore and undergoes metamorphosis. 

SPECIALISED CHARACTERS 

In Annelids the triploblastic condition 
has attained perfection. The body cavity 
is a true coelom which lies between the 
body wall and the tubular food canal. The 
body plan may be best described as a tube 
within a tube. This structural plan is 
maintained in higher forms. Definite 
segmentation is encountered in annelids. 
The body is composed of numerous dis- 
tinct segments arranged in a linear series. 
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Bilateral symmetry is well represented in 
annelida and this is an evolutionary ad- 
vancement over more primitive radial 
symmetry. Nervous system of annelids 
is more organised and consists of a pair 
of dorsally-placed cerebral ganglia and 
ventral nerve cord. Fixe nerve cells are 
distributed in the nerve cord and gang- 
lia. The tendency of ‘Head’ formation 
is distinct. Head is usually associated with 
sense organs and as the sense organs help 
the animal to keep in touch with the 
surroundings, they are usually housed at 
that end of the body which remain direct- 
ed forward during locomotion. Organs 
and organ systems performing vital func- 
tions as nutrition, excretion and reproduc- 
tion are highly developed in annelids. 
Thus association of differentiated tissue 
groups has occurred in them. 

SEGMENTATION AND COELOM 

The annelids show the unique struc- 
tural developments which are retained in 
higher forms of animals. These structural 
developments are segmentation and coe- 
lom. 

Segmentation or metamerism is an 
architectural body plan in which an 
organism is built by a series of segments or 
metameres. A segment generally contains 
a pair of nerve ganglia, a pair of appen- 
dages and a pair of coelomic sacs. In all 
respects the segments forming an indivi- 
dual are identical in structure and the 
organs they contain or in other words, the 
individual is formed by rhythmic repeti- 
tion of segments which are similar both 
externally and internally. This repeti- 
tion is often disturbed by simplification, 
by coalescence of segments or by differen- 
tiation between the segments. In annelids 
there is a .pair of sacs — the right and left 
coelomic vesicles lying between each segment 
of the gut and the corresponding segment 
of the body wall. The cavities of the 
coelomic vesicles contain a fluid and cor- 
puscles and are lined by peritoneum derived 
from mesodermic epithelium . Each segment 
of annelida has a dorsal mesentery , ventral 
mesentery and a septum . 

Two sheets of peritoneum meeting in 
the mid-line above and below the gut form 
the dorsal mesentery and ventral mesen- 
tery respectively. The septum which is 
a screen between two successive segments 
is formed by the meeting of two peritonial 


sheets at the boundary between the seg- 
ments. In rare exceptions, the septa and 
mesenteries form a complete series of 
transverse or longitudinal partitions 
throughout the entire length of the body 
of the animal. In most cases the septa are 
perforated and the mesenteries are in- 
complete so that there exists a close com- 
munication between coelomic vesicle and 
coelom. 

The wide space between the gut and 
internal body wall is the coelom. It arises 
from segmental vesicles and is lined by 
mesoderm on all sides. The coelom 
plays a great role in the life of all animals. 
Where it is present its fluid content facili- 
tates smooth transportation of particles or 
materials in solution. Coelom affords 
flexibility to the body and extends room 
for the movement of the gut which remains 
suspended. Gonads which develop from 
coelomic epithelium are housed in the 
cavity of the coelorn. So also are the 
nephridial tubules, which connect the 
coelom to the outside and which in 
some cases allow the passage of eggs and 
sperms. 

Special features of coelom. Developmen- 
tal ly coelom arises as a split in the meso- 
derm which becomes bifurcated into two 
layers, a somatic layer lying next to the 
epidermis and a splanchnic layer around the 
endoderm. Thus coelom becomes bound- 
ed on all sides by coelomic epithelium 
which secretes coelomic fluid. The greater 
part of the coelom forms the perivisceral 
cavity or splanchnocoel. It is a fluid-filled 
space inside which is lodged the viscera. 
Because of this packing the viscera remains 
independent of the movements of the 
muscles of body wall. In some higher 
animals part of the perivisceral cavity is 
kept separate to form restricted cavities 
whose coelomic nature can and only be 
realised if their developmental history is 
followed. In some coclomatc inimals such 
as molluscs and arthropods |thc cavities 
of the blood-vascular system become great- 
ly enlarged and this enlargement obli- 
terates the perivisceral coelo^x and as a 
result the viscera lies in a spacious cavity 
filled with blood. This blood-filled cavity 
is called haemocoel . 

In all probabilities the ancestral coelo- 
mate animals had scgmentally arranged 
mesodermal pouches. From these pouches 
gametes were formed by the process of 
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proliferation of the epithelial lining. Later 
on, these pouches became modified in 
structure and function. The evolution of 
mesodermal pouches is evident in present- 
day coelomatcs. 

Each mesodermal pouch in ancestral 
coelomatcs was provided with a pair of 
ducts called coelomoducls which served as 
a passage for the exit of gametes and 
a single nephridial tubule , for the removal 
of nitrogenous wastes. These primitive 
nephridia resembled the platyhelminthic 
type of excretory organs. That is, they 
consisted of ectodermal tubules projecting 
into the coelom and ending in specialised 
cells called solenocytcs . 

In many polychaetes the coclomoducts 
and nephridiuiu do not remain indepen- 
dent but fuse to form compound organs 
called nephromyxia which carry on dual 
function of excretion and transportation of 
gametes to the exterior. In many forms 
the nephridium ends blindly in the body 
cavity while hi majority the nephridium 
acquires an opening into the coelom by 
means of nephrostome. Thus it becomes 
possible to convey excretory matters collec- 
ted from coelom directly to the: outside. 
Attainment of nephrostome by the neph- 
ridium causes great reduction of 
coeloinoduct system which is then re- 
presented as ciliated organs. 

Segmentation in Annelids. The types 
of segmentation occurring in annelids 
and strobilation of tapeworms offer some 
confusion but basically the two types 
of organisation arc different. The body 
of annelids consists of a number of seg- 
ments and the number remains constant 
in a given species except in certain 
cases of asexual reproduction. New seg- 
ments are not added to the body after 
maturity is readied. That means after 
the embryonic stage all the segments be- 
come of same age. Moreover, the seg- 
mental structures are interdependent and 
integrated so that the individuality of the 
body is preserved. The condition is some 
what different in tapeworms where the 
segments of the body are self-contained 
units an{l new segments are always formed. 

Cephalization. A well-defined and 
well-organised head is kicking in annelids. 
However, formation of a ‘head* is 
suggested in polychaetes by anteriorly 
placed structures and their association 
with parapodial cirri. In some polychaetes 


transformation of one or two post-oral 
segmental parapodia into protostomial 
cirri has occurred. This transformation is 
accompanied by a shift of these post-oral 
segments and their ganglia anterior to 
mouth (pre-oral), resulting some sort of a 
brain formation. Cephalization in true 
sense is absent in annelids but in them an 
indication of the things to come is given. 

BODY WALL 

The outer tube or the body wall is made 
up of (a) Cuticle , a thin and transparent 
membrane over the epidermis. Chemical 
nature of the cuticle is supposed to be a 
mixture of protein and polysaccharide. 
(b) Epidermis , a single layer of cells. Many 
of t lie cells undergo modifications to form 
gland cells and receptor cells. U) Muscle 
layers , a thick non-segmen ted , smooth cir- 
cular muscle layer is followed by longitu- 
dinal and oblique layers of muscles. The 
locomotor structures remain embedded in 
the muscle layer, (d) Peritoneum , a single 
layer of cells forming the inner border of 
the body wall. 

DIGESTIVE SYSTEM 

The members of the Phylum Annelida 
exhibit various feeding devices (Fig. 15.46;. 
Most polychaetes feed on small animals. 
Aphrodite , Nereis and Eunice live on worms, 
small Crustacea and molluscs. In aquarium 
observations a few species of Nereis have 
been found to be omnivorous. Phyllodoce 
is provided with an unarmed proboscis for 
feeding. Neanthes brand! i and many others 
feed on pieces of green algae. Filter feeders 
like Sabclla and Serpula feed on small 
planktons with the help of their tentacles. 
Substrate feeders feed by swallowing mud 
or fine sand. Chaetopterus secretes a glan- 
dular secretion which makes a mucous 
net. The net filters out plankton as well as 
suspended organic matter. Aremcola makes 
a ‘L’-shapcd burrow and rests in the hori- 
zontal part. It everts the proboscis through 
the vertical part. It feeds five to eight 
hours a day. 

In feeding, the buccal cavity armed with 
teeth and jaws is everted. In many poly- 
chaetes the tentacles are extended on the 
sand in search of dead „ animals. Each 
tentacle is provided with a vcntrally-placed 
ciliated groove. The dead animals are 
carried to the mouth through these 
grooves. Little information is available 
about the digestion in polychaetes. 
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Fig. 15.46. Feeding devices in some annelids (after various sources). A. Arcnicola. B. Vhyllodoce. 
G. Piscicola. 1). Serpulla. E. Chaetopterus. 


Most oligochactes feed on dead plant 
parts, micro-organisms and larvae or eggs 
of insects embedded in the mud and a few 
feed on decaying meat. Oligochacte, like 
Chaetogaster crawls among plants and 
swallows Stentor. In most oligochaetes the 
upper and lower floors of the pharynx arc 
used during feeding. 

Detailed information about the mode of 
digestion in many oligochaetes specially 
Lumbricus is at hand. In Lumbricus diges- 
tion starts in the pharynx where enzymes 
are secreted. Proteolysis occurs in the gut 
up to segment 60. There are two types of 
protein splitting enzymes of which one 
has an effective pH range of 5*2 to 5*7 
while in the other the pH range is 7 *7- 8* 3. 
These enzymes and lipase work between 
segments 20-60. After 60th segment, 
up to certain length the gut is alkaline. 
In oesophagus there are calciferous 


glands. These glands arc rich with car- 
bonic anhydrase and they release calcium 
carbonate to neutralise the acid soil of the 
intestine. The chloragogen cells store lipid 
and synthesise glycogen. These arc used 
during starvation. 

About seventy- five per cent of leeches are 
ectoparasites on vertebrates. Rhynchobdella 
and Placobdella pierce the integument of 
the prey with the help of their proboscis. 
Pisciocola makes searching* movements 
before attaching itself, to fishes. Gnathob - 
della extend their jaws and af synchronous 
sewing machine like motion of the jaws 
are made to make perforatioiis on the skin. 
Hirudin secreted during bite prevents 
dotting of blood. The process of digestion 
in Hirudo is interesting. In a full-fed leech 
the caeca become distended with blood. 
Within 10 days after the meal about 40% 
of the watery content of blood is removed 
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by the ncphridia and the ingested blood 
becomes concentrated. Process of diges- 
tion is usually very slow and undigested 
erythrocytes have been encountered in 
Hirudo one and half years after feeding. 
The digestion of blood and its preservation 
are carried on mainly by symbiotic and a 
kind of bacteria Pseudomonas hirudinis. In 
the cells of the stomach glycogen is found. 

LOCOMOTION 

Locomotion in Annelids are carried by 
three agents: (a) Locomotor structures, 
(b) body musculatures and (c) hydrosta- 
tic skeleton. In different annelidan species, 
locomotion is not caused by any individual 
locomotory agent, but it is the resultant 
outcome of a coordinated effort of all those 
three agencies. 

Locomotor structures 

Parapodia. Most polychaetcs move about 
by the parapodia. By the action of the seg- 
mentally arran g'd parapodia they paddle 
through water. During paddling two 


parapodia of a segment always remain in 
an opposite phase of motion. Parapodia 
arc hollow segmentally arranged lateral 
extensions of the body, typically divided 
into dorsal notopodium and ventral neuropo- 
dium. Each lobe carries a bundle of bristles 
strengthened by supporting aciculum. 
The point of attachment of the parapodia 
with the body wall acts as a hinge for 
forward and backward movement. The 
coclomic cavity extends into parapodia 
and the hydrostatic pressure is exerted 
by the coclomic fluid. Two sets of oblique 
muscles, originating from the midvcntral 
line of the body wall are attached to the 
parapodia dorsally and vcntrally. In addi- 
tion to these muscles, there are intrinsic 
protractor and retractor muscles that are 
responsible for protrusion and withdrawal 
of bristles and the supporting acicula. 

The parapodia become variously modi- 
fied in different polycltaetes (Fig. 15.47). 
The modifications are correlated with 
different functions. There are well- 
developed and modified into creeping 






Fig. 15.47. Showing the modification of parapodia in different annelids. A. Parapodium of 
Nfpthys. The notopodium gives a curved gill on its under side. B. Para podium of Amphinome. 
The notopodium is iftdistinct. C. Parn podium of Glycera . D. Parapodium of Eunice. It is uni- 
ramous with reduced notopodium. The notopodial cirrus acts as the comb-like gill. E. Para- 
podium of Phyllodoce . The cirri are foliaccous. F. Parapodium of Polynoe. The notopodium is 
not developed. An elytron is present. G. Parapodium of Syllis. Notopodium is entirely absent. 
H. Parapodium of Seoloplos. Both the neuropodium and notopodium are reduced. I. Para- 
podium o fSebella, Cirri are absent. 
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and swimming types. In these forms 
the parapodia are restricted on some an- 
teriormost segments as head crown and 
are poorly developed or absent in the rest 
of the body segments. In sand or mud 
burrowers and tube-dwellers the parapodia 
are poorly developed or absent especially 
those of the posterior part of the body. 

Setae. In oligochaetes locomotion is 
caused by the setae which are implanted 
directly in the body muscles and are 
mostly oriented in the ventral region of 
the body segments. The setae are of 
various types (Fig. 15.48). They might be 
long or short, straight or curved, simple 
or forked, pectinate or plumose type. In 
general, the longer plumose or forked 
setae are the characteristic features of the 
aquatic swimming species. In burrowing 
species, the setae are short, straight, simple 
and blunt. The setae are embedded in 
and are developed from setal sac. The 
extension and withdrawal of the setae 
during movement are caused by a pair of 
setal muscles and the associated circular 
muscles. 


Suckers. The parapodia and setae are 
absent in Hirudinea. Anchorage on the 
substratum during locomotion is caused 
by two suckers, one is situated at the 
anterior (Anterior sucker) end and the 
other is located at the posterior end 
(Posterior sucker) of the body. The 
suckers are formed by the fusion of several 
body segments and they play their role 
alternately as adhesive organs. Adhesion 
with the substratum during locomotion is 
possible for the presence of specialised 
epidermal sucker glands situated in masses 
in the anterior and posterior suckers. 

A general survey of the locomotor 
structures will reveal that there is a gra- 
dual tendency towards the loss of well- 
formed locomotor structures in course of 
evolution. The loss of distinct locomotor 
structures is compensated by the develop- 
ment of body musculature. 

Body musculature 

Three major sets of muscles, viz. longi- 
tudinal muscles , circular muscles and oblique 
muscles help in locomotion. In polychactes 



Fig. 15.48. Setae of various annelids: Jointed forms: Nereis (A, B), Hcteroneries stage (C) 
Eunice (D), Syllid( E) MMi (F). Uncini forms: Serpulid fG), Sebdlid (H). Terebellid (I-J). 
Simple fontts : Terebclhd (K) , Maldamid (L), Polydea (M), Euphosynt (N), Polynoe (O), Her- 
mtone (P, Q), Eunice (R). The setae may be notched (L) or hooked (M-N) or serrated (O) or 
comb-like (R). v ' 
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these three types of muscles are less deve- 
loped. The longitudinal muscles do not form 
a continuous layer, instead they are bro- 
ken up into two paired blocks, one is dorsal 
and the other is ventral. The circular 
muscles are thin and feebly developed. 
They are oriented outside the longitudinal 
muscle bands. The oblique muscles are 
present as two thin strands in each 
segment and are connected between cir- 
cular muscles of dorsal and ventral sides. 
The function of these muscles is antago- 
nistic in nature and causes waves of 
contraction along the body. The oblique 
muscles and parapodial muscles are inter- 
polated in each segment from the long 
muscles along its body length, creating 
retardation of contraction and expansion 
of body in lengthwise. In oligochaetes, 
the body wall is composed of a continuous 
layer of longitudinal muscles on the inner 
side and circular muscles on the outerside. 
These muscles are so arranged that they 
can exert considerable pressure upon the 
coelomic fluid w.uch they surround. The 
muscle fibres of the longitudinal muscles 
are considerably long extending 2 -3 seg- 
ments. As a consequence the body 
segments are linked into small groups. 
Each segment has its own segmental 
nerves which control the localised 
muscular contraction under the central 
nervous system. The longitudinal muscles 
are divided into seven blocks, each is 
encircled by a sheath of connective tissue. 
The oblique muscles, connecting the 
dorsal and ventral circular muscles, are 
better developed and help in contraction 
and extension of localised body segment. 
The activity of oblique muscle is correla- 
ted with that of longitudinal and circular 
muscles. Besides, the intrinsic muscle 
fibres in the transverse septa separating 
the coelomic cavity help to resist the 
stress caused due to change of pressure in 
the coelomic fluid. The continuity of 
the coelomic fluid in different body seg- 
ment is caused through a foramen present 
in each transverse septum in the ventral 
nerve cord region. These foramina are 
provided with sphincter muscle. Greatest 
development of body musculature is en- 
countered in Hirudinaria. They have 
well-formed circular, longitudinal and 
oblique muscles. Between the outer 
circular and inner longitudinal muscles, 
a double layer of oblique muscles is present. 
The oblique muscles co-ordinate the activity 


of the circular and longitudinal muscles. 
When the body of a leech becomes long, 
the oblique muscles reinforce the action of 
the longitudinal muscles to make it short. 
When the body of leech becomes short, 
they reinforce the action of the circular 
muscles, thus causing elongation. At 
places the oblique muscles are so oriented 
that they offer rigidity of the body by 
enhancing the hydrostatic pressure. This 
action enables leech to sit upright on its 
posterior suckers. The existence of dorso- 
ventral muscles in leech is significant, 
because these muscles make the body of 
the leech flat and ribbon-like and also 
increase the efficiency of dorsoventral 
undulations of the body during swimming. 

Hydrostatic skeleton 

In annelids, the coelom appears to play 
an important role in locomotion. The 
coelom in annelids, filled with incom- 
pressible coelomic fluid, acts a hydrostatic 
skeleton. It is enclosed by the muscles of 
the body wall. The importance of hydros- 
tatic skeleton in locomotion of annelids 
has been emphasised by Chapman and 
Newell. Transmission of coelomic fluid 
from one coelomic compartment to 
another during localised muscular con- 
traction depends greatly on the nature 
and disposition of transverse septa. The 
body of an annelid is a cylinder, the wall is 
made up of muscles and the lumen is 
filled with coelomic fluid. A cylinder 
encircled by circular muscles only, when 
contract towards one end, will cause 
diminution of the diameter at that end 
thus resulting in movement of coelomic 
fluid. The movement of coelomic fluid 
may cause: (i) Increase in length of the 
contracting end of the body (the other 
end to remain unaltered), (ii) Increase 
the diameter of the other end { total length 
remaining the same), (iii) increase in the 
length of the other end (the diameter 
remaining unchanged) and (iv) elonga- 
tion of both ends of the body. But the 
existence of longitudinal muscles and their 
contraction in conjunction with regional 
hydrostatic, or coelomic fluid pressure help 
in restoration of the cylinder to its ori- 
ginal state. 

Hydrostatic Skeleton in Polychaetest 

The hydrostatic skeleton is less developed 
in Polychaetes. The coelom is spacious 
with ill-developed muscular layers 
and is divided into compartments by 
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transverse septa. The perforations in the 
septa permit transfer of coelomic fluid 
from one compartment to another. In 
this group of annelids the circular muscles 
are feebly developed and are interrupted 
laterally by the parapodial muscles. 

Hydrostatic Skeleton in Oligochaetes: 
The body forms a complete cylinder 
with well- developed circular and longi- 
tudinal muscles and uniformly developed 
transverse septa. The hydrostatic ske- 
leton is well-organised and it actively 
participate in the various modes of loco- 
motion encountered in oligochaetes. The 
transverse septa regulate the changes of 
pressure and limit them to particular 
regions of the body. The septa control 
the pressure of the fluid through the 
ventral foramen. The increase of pressure 
in the coelomic fluid of a segment is sub- 
stantially isolated from adjoining segments. 

Hydrostatic Skeleton in Hirudinia: 
Due to overdevelopment of body mus- 
culature and obliteration of coelom by 
the thick muscular coat and botryoidal 
tissue the coelomic spaces become greatly 
reduced. Reduction of coelom results in 
the increase of hydrostatic pressure and 
renders rigidity to the body. As a conse- 
quence the hydrostatic skeleton is highest 
developed in hirudinia amongst the an- 
nelids. 

Mechanism of Locomotion 

Four types of movement are observed in 
Polychaetes. They arc: (ij Slow crawling: 
this type of movement is caused by the 
paddle-like action of parapodia. (ii) Rapid 
crawling: this serpentine movement is 
caused by the co-ordinated action of the 
longitudinal muscles and the parapodia. 
(iii) Peristaltic motion: Phis type of move- 
ment is best seen in Arenicola. The move- 
ment is resulted from the anterior to 
the posterior passage of swollen transverse 
bands. Swelling is caused by the local 
relaxation of the body wall where the 
turgor of the coelomic fluid plays an 
important role, (iv) Swimming: This type 
of movement is resulted by the paddling 
of parapodia accompanied by the hori- 
zontal serpentine movement. Most of the 
pelagic and benthic forms swim for the 
purpose of food-collection and reproduc- 
tion. 

The oligochaetes move by either 
crawling or by digging. Crawling is effec- 
ted by the peristalsis of the body by the 


action of the circular and longitudinal 
muscles and the coelomic fluid too. 
The peristaltic motion is initiated by the 
ventral ganglion in each segment and the 
rythmic co-ordination depends entirely 
upon the excitation of the ventral ganglion. 
In oligochaetes co-ordination between 
nerve ganglia and muscles is significant. 
Digging is done by the forward extension 
of the anterior segments into the spaces 
between the soil particles. The coelomic. 
pressure is raised to widen the space and 
to pull the posterior end. 

The crawling of oligochaetes is perform- 
ed by alternate expansion and contraction 
of the body musculature. The setae at two 
different places in the body anchor on the 
soil and the portion in between extends 
forward with setae of that region pulled. 
In Lumbricus the contraction of circular 
muscles causes the withdrawal of setae 
and consecutively, relaxs the longitudinal 
muscles of all segments or metameres up to 
its middle starting with the first. Aquatic 
Ado. soma crawls with the ventral cilia of 
the head lobe. 

Leeches move by crawling on a solid 
substratum and by swimming. Leeches 
crawl by exhibiting looping movements. 
Hirudo first attaches itself on the substra- 
tum with the help of posterior sucker and 
then extend the body by tlifc action of the 
body musculature and hydrostatic skeleton 
to the oral disc. Jt then bends i(s body like 
an inverted ‘U* and drags the posterior 
sucker just behind the region of attach- 
ment. The rate of looping movement 
depends upon the extrinsic factors, especial- 
ly the temperature. Most leeches can 
swim quite effectively in water by causing 
dorsoventral serpentine movement. Bran- 
chial) della moves with mouth and sucker. 

CIRCULATORY SYSTEM 

The circulatory system is dosed type and 
consists of blood vessels through which 
blood is distributed and collected from 
different parts of the body. The colour of 
blood is red due to the presence of haemo- 
globin which remains dissolved in the plas- 
ma. In all oligochaetes haemoglobin is 
present. As a result of reduction of blood 
vessels in many polychaetes like Aphrodite 
and Phyllodoee , haemoglobin is absent in 
the blood but haemoglobin-containing 
cells are found in the coelomic fluid. 
Sabellids and Serpulids have green chlo- 
rocruorin and haemerythrin is present in 
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Magelona . The dorsal vessels in poly- 
chaetes show peristaltic waves and blood 
flows in it from the posterior to the anterior 
direction. The ventral vessel cannot 
contract while lateral vessels pulsate. A 
true blood-vascular system with close 
vessels and their ramification is present in 
the Acanthobdellida and the Rhynchob- 
dellida. But haemoglobin is usually absent 
in them. The ground plan of blood vessels 
inside the body consists of dorsal, ventral 
and lateral vessels. These vessels are 
interconnected with each other through 
segmental loops or ring vessels. 

In oligochaetes, the dorsal vessel, with 
its valves, functions as heart. The dorsal 
vessel collects blood from the vascular 
areas of the intestine and drives it towards 
the anterior end. From the dorsal vessel 
arises in each segment a pair of ring vessels 
which pass to the subncural vessel running 
beneath the ventral nerve cord. In the 
anterior end of the body one or more of 
these ring vessels become muscular, con- 
tain valves and pulsate rhythmically. 
These modified ring vessels are called 
lateral hearts. The lateral hearts drive 
blood towards the ventral vessels. In the 
ventral vessel blood flows from anterior 
to the posterior region. The ring vessels 
and the ventral vessel supply blood to the 
individual organs of the body. In larger 
forms of oligochaetes additional vessels 
like subintcstinal or supra-intcstinal vessel 
are often present. In an active lumbricoid 
the blood pressure is about 1 0 mm of mer- 
cury. 

In Hirudinea, the dorsal vessel conveys 
blood anteriorly and the ventral vessel 
conducts blood towards posterior region. 
The dorsal and ventral median vessels lie 
in longitudinal coclomic channels and are 
connected with each other at the end of 
the body through loops. Many minute 
vessels that arise from the vessels, anasto- 
mose beneath the integument and organs. 
These anastomosing branches remain sur- 
rounded by botryoidal tissue in Hirudo. 

Presence of glucose, amino-acids and 
lipids in blood of Pheretima has been demo- 
nstrated very recently. This observation 
indicates very conclusively that blood in 
this animal is a medium which transports 
nutrients to the tissues. 

respiratory system 

Usually the entire surface of the skin is 
used in respiration of annelids, but there 


exists specialised respiratory structures in 
many annelids (Fig. 15.49). In many 
Polychaetes there are highly vascularised 
gills attached to the notopodium as in 
Glycera, Eunice and Ncpthys. In Arcni- 
cola the gills are red in colour. Some 
consider the tentacles of Sabellids and 
Serpulids as respiratory structures. In 
Galeolaria (a Serpulid) the branchiae are 
located anteriorly. They are branched 
and associated with an operculum. 

In Nereis amongst the polychaetes the 
parapodia and their adjoining areas are 
highly vascularised, oxygen enters the 
body through diffusion. It lias been 
estimated that the (j 2 capacity is 11*5 
cm 3 for 100 cm 3 of blood in this species. 
In resting condition the 0 2 uptake is 
slowed down in Nereis. 

Larger forms of oligochaetes have richly 
vascularised epidermis. In aquatic forms 
various types of respiratory organs are seen. 
Elongated appendages in the anal region 
of Dero serve as respiratory structures. In 
Branchiura the last 40 segments are provided 
with thread-like, blood-filled evaginations. 
'Die members of the family Tubificidae 
use hind gut as respiratory surface. 

In Hirudinea the thick network of 
coelomic capillary channels between the 
epidermal cells helps in respiration. But 
many Pisicolidae have special respiratory 
structures. These arc vascularised evagi- 
nations having connections with coelomic 
channels. Similar evaginations in Ozo- 
branchus are lamcllated. Hirudo and Hac- 
mopsis can respire both on land and in 
water. 

EXCRETORY SYSTEM 

In general, the excretory system con- 
sists of paired lobes called ntphridia which 
are metamerically arranged. These neph- 
ridia arc open at both ends and form a 
sort of tunnel between body cavity, 
coelom or blood sinuses and outside. 
The inner aperture lies in the coelom and 
the outer aperture is situated in the 
in “ gument. 

A typical nephridium consists of a 
nephrostomc or a funnel which hangs into 
the coelom and leads to the ncphridial 
duct. The nephridial duct may be long, 
short, coiled or modified Otherwise. The 
duct is ciliated internally and is accom- 
panied by blood vessels. Each nephridium 
is derived from a single cell called nephro - 
blast . The nephridia are ectodermal in 



320 


BIOLOGY OF ANIMALS 



Fig- 15.49. Respiratory structures in a few annelids (after various sources). A. Arenicola. 
B. Eunice. C. Sabella. D. O zobranchus . E. Galeolaria. 


origin. In following nf> the developmental 
stages of nephridium of annclida two types 
of nephridial systems arc encountered 
(Fig. 15.50). They are (a) provisional or 
embryonic nephridia and (b) the perma- 
nent nephridia. Embryonic nephridia are 
temporary structures and disappear as 
soon as permanent nephridia start deve- 
loping. Embryonic nephridia develop both 
in the head segments and in the trunk 
segments. Embryonic head nephridia 
are found in many polychactes and 
oligochaetes. They are branched in Echiur - 
us and Polygordius . Embryonic trunk neph- 
ridta are strictly segmentally arranged 
and may persist in those forms where 
permanent nephridia do not develop. 
Five such pairs of nephridia persist in 
Nereis. In most oligochaetes permanent 
nephridia are absent in some of the 


anterior segments. The same is true for 
many polychaeies and hirudinca. It is 
probable that provisional nephridia were 
present in the larval stage and subsequently 
permanent nephridial development never 
occurred there. Thus the absence of 
permanent nephridia in the anterior 
segments may be explained* 

Structurally embryonic mephridium is 
similar to those of permanent nephridium. 
But in Glycera and PhyllSdoce the inner 
aperture and in hirudinca |>oth inner and 
outer apertures are absent.;: 

Depending upon the si#e and number 
present in a segment the nephridia are 
divided into two types: (a) Meganephridia 
or Holonephridia and ( b ) Microncphridia 
Meronephridia. The micronephridia 
are very minute and are numerous in a 
segment while the meganephridia are 
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larger in size and in a given segment there* 
occur only one pair. All the nephridia 
in Pheretima are of micronephric type. 



Fig. 15.50. Development of metanephridia in 
annelids (after Kaestncr). 


The nephridia of Lumbricus, Ghaetogaster 
and Nereis are meganephric. It is 
believed that the micronephridia are no- 
thing but broken or disintegrated mega- 
nephridia. In Megascolecidae both micro- 
nephridia and meganephridia are present 
even in the same segment. In Serpula 
meganephridia are present in the anterior 
segments while micronephridia occur in 
the posterior segments. 

Permanent Nephridia in different 

classes 

Chaetopoda s In most polychaetes meta- 
nephridia are present. *A typical metane- 
phridium consists of the following: (a) An 
inner ciliated aperture opening into the 
body cavity or coelom and is called 
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nephrostomy. ( h ) A canal or coiled tube 
connected to the nephrostome. The canal 
is dilated internally and sometimes its 
internal wall is glandular, (c) A terminal 
end which usually terminates in a laterally 
placed aperture, called nephridiopore , 

In Errant ia each segment has a pair of 
nephridia. Arenicola is provided only with 
six pairs. In Capitellidae there may be 
one to six pairs of permanent nephridia 
in each of the trunk segments. In Terc- 
bellidac there are one to three pairs of 
nephridia in the thorax. Sabellidae and 
Serpulidae have one pair in the thorax. 
But in all these families numerous nephri- 
dia occur in the posterior segments. 
Numerous nephridia arc housed in Earth- 
worm. The wide funnels and short ducts 
of these nephridia suggest that they serve 
as gonoducts in some forms. In many 
polychaetes like Phyllodoce segmcntally 
arranged ciliated funnels called coelomoducts 
are present (Fig. 15.51). These ducts 
rarely open to the outside and often 
coalesce partially or completely with the 
nephridia and thus the function of excre- 
tory and reproductive ducts combine in 
one set of segmental organ. 

Some families like Phvllodocidae and 
Glyccridae have protone phridia in place of 
metanephridia. In protonephridia, the 
ciliated coclomic aperture is absent. The 
tubes thus open blindly in the coelom and 
are branched. Separate or groups of spe- 
cially modified cells called solenocytes re- 
main attached to the blind end of the 
tubes. Each solenocyte is a round cell with 
a slender tubular projection which anchors 
on the blind tube. Electron micrographs 
show that the long tube consists of a mem- 
brane with more than 15 longitudinal 
ridges or rods and internally carries an 
unusually long flagellum to drive the 
internally accumulated fluid (Fig. 15.52). 

Oiigochaetes : In oligochaetes metane- 
phridia arc usually present in all seg- 
ments excepting a few anterior segments. 
\ metanephridium differs from a proto- 
nephridimn in having a ciliated funnel 
or nephrostome. In aquatic forms re- 
productive segments lack nephridia. As 
a rule there is one pair of nephridia 
in each segment but -in Brachidrilu's y 
there are two pairs, in' Trincphros , there 
are three pairs and there are four pairs 
in Acanthoarilus in each segment. In 
tropical Megascolecidae, the nephridial 
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Fig. 15.51. Relationship of nephridia and coclomoducts in polychacta (after Parker and 
Haswell). A. Hypothetical stage (Nephridia closed and coclomoducts separate). B. In Phyllo- 
docidae (Nephridia closed but united with coelomoduct). G. In Nephthyidae (Coelomoduct 
reduced as ciliated organ). D. In Dasybranchus (Coelomoduct separate from nephridia with 
nephrostomes) . E. In most annelids (Nephridia with nephrostomes united with coclomoducts 
to form segmental organ). F. In Nereis (Nephridia with nephrostomes and separate coclomo- 
ducts reduced as ciliated organ). 


primordia in each segment splits and 
as a result numerous nephridia occur 
in each segment. These nephridia ace 
called diffused or pleclotiephric nephridia. 
In the tropical Phrelima poslhuma many 
nephridia open into the pharynx (Pep to- 
nephric) and in the alimentary canal 
(Enteroncphric). This is a device for the 
reabsorption of water. 

Hlrudinaria : In Hirudinaria the per- 
manent nephridium is lacking in many 
anterior and posterior segments. The 
metanephridium consists of a ciliated 
nephrostome or funnel that leads into 
an ampulla filled with ainoebocytes 
and closed off against a nephridial duct. 
Besides the nephrostome all parts of the 
nephridium are formed by a close set 
of gland cell traversed by intracellular 
spaces or ducts. The nephrostome may 
start from the coelomic spaces, from 
ventral median channel ( Glossiphonia ), 
from contractile spherical enlargement or 
ampullae (Haemopis) or from blood sinuses 
in which the testes lie (ffirudo). 

In Pontobdella distinct nephridium is 


absent and its place is talten up by a 
complex network situated on the ventral 
side of the body. 

The anal tubes in Echiuroidca are con- 
sidered as excretory structures. The neph- 
ridia act as osmoregulatory organs specially 
in fresh water forms. 

Nephromyxia. In many polychaetes 
the association between the coelomoduct 
and nephridium makes an interesting 
study. Instead of remaining separate they 
show total or partial fusion and form a 
dual segmental organ called nephromyxia. 
As the nephridium is ectodermal in origin 
and the coelomoduct is mesodermal in 
origin a nephromixium is formed by the 
participation of both ectoderrjji and meso- 
derm. The nephromixium performs two 
functions. In one hand, itf serves the 
function of excretion and oh the other 
hand it also serves as a passage for the 
exit of gametes. In some cases they share 
the same external 4 opening but when 
the association between them becomes very 
close they often share the same duct. 

The combinations of the coelomoduct 
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Fig. 15.52. Structure of excretory apparatus in annelid (after various sources). 


and the nephridium are of the following 
types : 

(a) Protonephromyxium. In this case 
the coelomoduct becomes united to a 
protonephridium Both reproductive and 
excretory products are conveyed to the 
exterior by it. Protoncphromyxia condi- 
tion occurs in Phyllodoce. 

( b ) Metanephromyxium. In this case 
the coelomoduct becomes united to a 
metanephridium as in Hesione. 

(c) Mixon ephridiu m. In this case com- 
plete fusion between the coelomoduct and 
the nephridium results in the formation of 
a simple funnel-like organ only. Mixonc- 
phridia condition is most prominent in 
Arenicola. 

(i d ) Ciliated organs. The coelomoducts 
alone become very much reduced in 
some case and give rise to ciliated organs 
which do not open to outside. In Nereis 
such ciliated organs are found and they 
remain attached to the dorso-lateral 
longitudinal muscles. 

REPRODUCTIVE SYSTEM 

Asexual* Amongst the annelids asexual 
reproduction is encountered in many 
polychaetes. In forms, like Filigrana and 
Salmacina , transverse fission occurs near the 
posterior end of the body dividing the 
animals into two unequal parts. The 
anterior part of the half regenerates a 
new pygidium and flic posterior half 
regenerates new cephalic regions. The 
sexes of the two individuals produced by 
such fission arc always identical. That 


means metagenesis or alternation of gene- 
ration is lacking. In some forms like Syllis 
hyalina a constriction occurs somewhere in 
the middle of the body. The constriction 
deepens and ultimately two individuals are 
formed. The anterior half with the original 
head behaves like a non-sexual part and 
regenerates anal region. While the pos- 
terior half develops a new head and be- 
comes an independent male or female 
individual. That means metagenesis or 
alternation of generation is eminent in 
this case because sexual worms arc being 
formed out of non-sexual worms. In Auto- 
lytus and Myrianida a zone of proliferation 
exists between the anterior non-sexual part 
and posterior sexual part. This zone gives 
rise to a series of zooids which remain 
arranged in a linear fashion. The posterior- 
most zooid in the chain is oldest and most 
developed. The sexes of the individuals in 
the chain are always identical. Syllis ramosa 
lives a sedentary life inside the canal system 
of some deep sea sponges. In this type 
some of the parapodia become transform- 
ed into buds which grow laterally and 
form a colony. Some branches from the 
bud develop parapodia, head and gonad 
and ultimately leave the parent body to 
form sexual individuals. In Trypanosyllis 
buds come out from the under surface of 
last two segments. 

Asexual reproduction is not very com- 
mon in oligochaetes and Hirudinea. 

Sexual* Most polychaetes are dioe- 
cious, but sexual dimorphism is seldom 
encountered. Well-formed gonads occur 
only in few polychaetes. The reproductive 
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cells mature in clumps on the walls of the 
coelom and it is believed that they arise 
from specially determined cells and not 
from coelomic epithelium. These clumps 
form gonads during reproductive season. 
Gonads may occur in most segments or 
they may remain limited in some posterior 
segments, On maturity, the peritonium 
covering the gonads bursts and sperms or 
ova, as the case may be, are liberated into 
the coelomic fluid. Finally the sperm or 
ova come to the outside of the body 
through body wall or through ducts. 
Often nephridial ducts become transform- 
ed temporarily into genital ducts to liberate 
the reproductive cells outside. In Phyllo - 
doce , genital funnels appear and get con- 
nection with the nephridia only when the 
gonads become mature. Fertilization is 
external but in some forms copulation may 
occur as the females of these species are 
provided with receptacles. 

All oligochaetes are hermaphrodite and 
have well-defined gonads which remain 
limited to few segments only. Testes are 
one to four pairs and lie in adjacent seg- 
ments. 

The testes remain encased in special 
sacs called seminal vesicles. Male repro- 
ductive cells are detached early from the 
testes and they are nourished in these 
vesicles. The sperm ducts bear funnels at 
their tips and traverse several segments 
posteriorly, before opening to the outside 
through the gonopore. Ovaries are strict- 
ly one pair and are located -posterior to the 
testes bearing segments. Each ovary is 
followed by an oviduct and the two ovi- 
ducts unite before opening to the outside 
through gonopore. Though hermaphro- 
dite, the oligochaetes practise cross-ferti- 
lization. Reciprocal copulation enables 
the worm to pass on sperms of one worm to 
the other. The sperms thus received re- 
main stored in spermatheca. 

Hirudinea, like the oligochaetes, are 
hermaphrodite. Female reproductive or- 
gans consist of several rows of reproductive 
cells encased in a pair of ovarian tubes. 
The ovarian tubes are short in Gnathob- 
dellcty long in Rhyncobdella and looped in 
Pkaryngobdella . The anterior end of the 
tube is prolonged as oviduct. The two 
oviducts often fuse to form a vagina which 
opens to the outside in the 11th segment. 

Male reproductive system consists of 
4-17 pairs of metamerically arranged testis 
sacs. There i$ a pair of longitudinal ducts 


called vas deferens. The vas deferens 
widens at the tip to form the seminal 
vesicle. Each seminal vesicle opens into a 
median atrium. The atrium opens to the 
outside through the llth segment. The 
atrium often remains provided with an 
intromittent organ called penis. 

NERVOUS SYSTEM 

The nervous system, at least during 
development, exhibits a segmented condi- 
tion that is, its segmentation corresponds to 
the segmentation of the mesoderm. Each 
segment carries a pair of ganglia on paral- 
lel cords and remains connected by com- 
missures and thus gives a ladder-like 
appearance. As development proceeds 
there occurs fusion of ganglia, the nerve 
cord and commissures. Fusion of an- 
terior segments in many forms results the 
formation of a subpharyngeal ganglion 
or ganglia. From the apical sense organ 
of the trochophore arises the supra-oeso- 
phageal ganglion or the brain. The supra- 
and subpharyngeal ganglia remain con- 
nected with each other through the 
circum-ocsophageal connectives. 

REGENERATION 

In many polychaetes there is remarkable 
property of regeneration. In Autolytus / rictus 
any one of the segments between first and 
seventh can regenerate head and anterior 
segments after removal. When the seg- 
ments from 8 to 13 are excised only 4 
segments with para podia and the head 
will be formed. When cut behind 14- 
segment only one segment with setae 
will develop. Only the head is formed from 
the posterior end. 

The regeneration faculty is also pre- 
valent in soil oligochaetes. 

PHYLOGENETIC RELATIONSHIP 

The archiannelids were regarded to be 
the most primitive members amongst the 
annelids. But recently the archiannelids are 
regarded to be the aberrant members of 
other annelidan families. This idea has 
made the phylogenetic concept compli- 
cated. The members of Polydhaeta are re- 
garded to be ancestral forms of all annelids 
because they possess the undernoted 
features: (i) Marine and dioecious, 
(ii) serially repeated unspecialised repro- 
ductive units, (iii) numerous minute eggs, 
(iv) external fertilization, (v) pelagic 



PHYLUM ANNELIDA 


325 


larval stage, (vi) primitive organisation of 
the nephridia. But Clark (1969) considered 
the oligochaetes to be most primitive, 
because they resemble the proto-anne- 
lids in many features, especially in the 
segmental organisation of the musculature 
and the compartmentalisation of coelom 
by intersegmental septa and ventral and 


dorsal mesenteries. The specialisations 
encountered in the reproductive and 
excretory, systems in oligochaetes are 
directly related to their terrestrial and 
fresh-water mode of living. The locomo- 
tory behaviour of the oligochaetes resem- 
bles closely that which might be expected 
of the proto-annelidan form. 


SUMMARY 


1. Annelids are widely distributed triploblastic 
animals. There exists a great diversity in form 
and structures of annelids. 

2. Most of the members of this phylum are 
with cylindrical and elongated bodies. The body is 
made up of segments, (metameres) or annuli ar- 
ranged in an antero-posterior axis. In many forms 
a partition called septum is present between two 
successive segments. 

3. Body cavity is a true coelom in annelids. 

4. Well-formed o.gans arc present for per- 
forming different body functions. 

5. A system of closed blood vessel is present in 


earthworm but in many forms the blood vascular 
system is a mixed type. 

6. Alimentary system is well -developed. 

7. Excretory system is represented by nephridia 
which are often mctamerically arranged. 

8. Nervous system is represented by a nerve 
ring round the oesophagus and a ventral ganglio- 
nated nerve cord. 

9. Reproductive organs are well-formed. 

10. The phylum is divided into three main 
classes — Chactopodn, Hirudinea and Archianne- 
lida. Earthworm, Leech, Nereis are the familiar 
examples. 



CHAPTER 16 


Phylum Arthropoda 

This phylum includes the largest number of animals (Fig. 16.1). Nearly 900,000 
species are known to mankind. In the course of evolution, the arthropods appeared 
much earlier and were the first to dominate the land. The most interesting feature 
of this group is that most of the members have undergone very little change during 
their evolutionary history. Thus they bear close similarity with their ancestors. These 
animals have explored all possible habitats and are seen from snow covered mountain 
peaks to the depth of the ocean. Many members of this phylum are closely related 
with different aspects of human life like food, health, etc., and thus have great econo- 
mic importance. 



Fig. 16.1. In the animal world, the Phylum Arthropoda includes the 
largest number of species. All of them possess metameric segmentation, 
hard chitinous cxoskclcton and jointed legs. Number shown againsj 
each group denotes the approximate number of species. 

IMPORTANT FEATURES process called moulting or fadysis sheds off 

1 . Body is nietamerically segmented and is the old exoskeleton. New erioskeleton deve- 
with perfect bilateral symmetry . 2. Anterior lops from the underlying- epidermis. 6. 
segments are specialised to form a distinct Presence of musculature with distinct 
head. 3. A pair of externally jointed appen - striped muscles. 7. Body cavity or coelom 
doges is usually present in each-segment, is much reduced and acts as haemocoeL 
4. Body is externally covered with non- 8. Mouth and anus arc present almost at 
living chitinised exoskeleton — usually com- the two terminal ends of the body. 9. 
posed of carbohydrate and protein. 5. A Heart is placed on the dorsal side of the 
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alimentary canal. 10. Circulatory system 
is open type, i.e. blood vessels open 
within haemocoel. 11. Central nervous 
system includes a dorsally placed brain and 
solid, ventral double nerve cord with one 
fused ganglion in each segment. 12. Usually 
possesses compound eye (each eye is made up 
of several visual units). 13. Sexes are 
generally separate with the occurrence of 
sexual dimorphism. 14. Development may 
be direct or indirect (passes through larval 
stages which do not resemble the adult). 

CLASSIFICATION IN OUTLINE 

The members belonging to this large 
group exhibit certain dose similarity. At 
the same time some of them resemble the 
annelids. Though several types of classifi- 
catory schemes are available, yet accord- 
ing to the most accepted view, the entire 
phylum is divided into four major groups — 
Crustacea , Myriapoda, Insecla and Arachnida. 


name is Palaemon carcinus . It belongs to the 
class Crustacea. The other fresh- water 
prawns of our country are# Palaemon 
malcolmsonii and Palaemon lamarrei. 

Habit and Habitat 

The prawn is common in rivers, ponds 
and other fresh- water areas. It is noctur- 
nal, bottom- dweller and lives within 
underwater crevices and aquatic vegeta- 
tions. It takes all kinds of food specially 
decaying leaves. It is a good swimmer but 
is also capable of crawling on the surface 
and at the time of danger can jump 
backwardly. It may attain a length up to 
seventy-five centimetres. 

External structures 

The bod^ is elongated, hemispherical 
and slightly' tapering at the posterior end 
(Fig. 16.2). The fresh specimen is slightly 



The class Trilobita includes only extinct 
forms and exhibits primitive organisation. 
The group which includes the genus Peri - 
patus y is called Onycophora and is considered 
as an appendix to the phylum. The 
detailed classification will be discussed after 
describing a few examples of the phylum. 

Example of the Phylum Arthropoda — 
PRAWN ( PALAEMON ) 

Several kinds of prawns and shrimps are 
available in our country. The example 
which is discussed here is commonly known 
as fresh- water prawn and its scientific 


bluish in colour. The entire outer surface 
of the body is covered by hard exoskcleton. 
The body is distinctly divided into two 
parts — cephalothorax and abdomen. Both 
these parts bear on their ventral surfaces 
paired appendages , which arc specialised for 
different functions. Each appendage is 
bira??ious , i.e. two branched, and in spite of 
their modifications are built up on the same 
general plan — (1) lower* double-jointed 
protopodite containing proximal coxa and 
distal basis and (2) two branches or rami 
on the basis, the outer orle is exopodite and 
inner one is called endopodite. In addition to 
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the appendages, the two halves of the body 
bear several other structures. 

Cephalothorax 

Ccphalothorax is the broad, unsegmented 
and cylindrical anterior part. It is formed 
by the fusion oihead and thorax . In fact, dur- 
ing the^development of prawn, one pre-seg- 
mental region and first fourteen segments 
fuse to form ccphalothorax. The pre-seg- 
mental region remains in adult and carries 
the stalked eye and the first segment dis- 
appears during the process of transforma- 
tion. A continuous shield-like exoskeletal 
covering, called carapace , encloses the 
cephalothorax. On both the vvntro-lateral 
sides, the carapace hangs freely over the 
gill-chamber as gill-cover or branchioslegite . 
The branchiostegite is raised and lowered 
by a thin membrane, branchiostegal mem- 
brane. Ventrally, the carapace is covered 
by several hard sternal plates. Following 


hemispherical and made up of several 
visual elements. It is thus called compound 
eye and it is mounted on a movable and 
jointed stalk. It is responsible for detecting 
light. (3) Spines. These are small pointed 
structures, present in pail’s on each lateral 
side of the carapace and posterior to each 
eye. The anterior pair is known as antennal 
spines and the short posterior pair is the 
hepatic spines. (4) Appendages. Tliirteen 
pairs of appendages are present on the 
ventral side of prawn. The close apposi- 
tion of these appendages speaks about the 
fusion of cephalothoracic segments. The 
first five pairs, i.e. First antenna or Antennule , 
Second antenna , Mandible , First maxilla or 
Maxillula and Second maxilla are known as 
cephalic appendages. The remaining eight 
pairs are called thoracic appendages or perio- 
pods , which include three pairs of Afaxilli- 
peds and five pairs of Walking legs, (a) First 
antenna is also known as antennule (Fig. 



structures are present on the cephalothora- 
cic region: (1) Rostrum. On the dorsal 
and median surface, the carapace is drawn 
into a long serrated projection towards 
the anterior end. This is defensive in 
function. (2) Eye. Near the base of the 
' rostrum and on each side of the carapace 
is placed an eye. Each eye is black and 


16.3A). It is placed near die base of the 
eye stalk. Its protopodite carries an addi- 
tional segment, a spiny precoxa. The basis 
is longer than coxa and probably its exo- 
and endopodites are modified as feelers or 
flagella . The outer feeler has two branches 
and the smaller branch carries olfactory 
setae 9 probably for determining smell. The 
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precoxa carries the balancing organ, 
called statocyst and the coxa is beset 
with many sensory hairs. ( b ) Second antenna. 
It is situated immediately after the first 
antenna. The coxa contains a specialised 
organ called green gland , which serves as 
excretory organ. The exopodite is modi- 
fied as a leaf-like squama or scale with setae 
along its inner margin (Fig. 16.3B). The 
scale serves as a balancer during swim- 
ming. The endopodite has become a long 
many-jointed flagellum and carries nume- 
rous tactile setae. 

(c) Mandible . It is placed on the outer 
side of the mouth and is responsible for 
crushing the food. In its protopodite, the 
coxa is modified to form as spoon-shaped 
proximal apophysis and a solid distal part 
called head (Fig. 16.3C). The head con- 
tains stout molar process with five to six 
yellow teeth and thin incisor process with 
three closely set white teeth. The basis por- 
tion of protopodite and the endopodite 
form a three-jointed mandibular palp , which 
remains in front of the head of the mandi- 
ble and carries sensory setae. The exopo- 
dite is absent. 

(d) First maxilla or Maxillula. This 
crown-shaped smallest appendage (Fig. 
16. 3D) is placed slightly posterior to the 
mouth. It consists of three small leaf-like 
plates carrying sensory setae in their mar- 
gins, Two of these plates (formed by coxa 
and basis) are projected inwards and are 
called jaws or gnathobases or endites. The re- 
maining plate is endopodite and is directed 
outwards. The exopodite is absent. The 
first maxilla is responsible for pushing the 
food inside the mouth. 

(e) Second maxilla. It is fan-shaped (Fig. 
16.3E) and placed immediately after the 
first maxilla. The coxa is much reduced 
and the basis is bifurcated and directed 
inwards to form endites or jaws. The exo- 
podite is large, fan-shaped and known as 
scaphognathite or batar. The endopodite is 
small and placed between the basis and 
exopodite. The second maxilla serves 
double functions — -jaws are for food-getting 
and the scaphognathite is for producing 
constant water current within the gill- 
chambers. 

(f) First maxilliped. The coxa and basis 
of the protopodite are flattened to become 
jaws and bear stiff setae on their inner 
margins (Fig. 16.4A). In addition to short. 


endopodite and long exopodite, the coxa 
bears a bilobed epipodite. The exo- and 
endopodite parts of coxa together with 
basis help in the inpushing of food. The 
epipodites help in respiration. 



Fig. 16.4. Three maxiilipeds of Palaemon. 
A. First maxilliped. B. Second maxilliped. 
C. Third maxilliped. 


(g) Second maxilliped. Here the short coxa 
carries on its outer margin a small epipo- 
dite and a gill (Fig. 16.4B). The inner 
margin is lined with numerous setae. The 
exopodite is long and unjointed but the 
endopodite is made up of five segments — 
ischium , mcrus, carpus y propodus and dactylus. 
The last two segments are curved back- 
wards to form a knife-like structure. 

(h) Third maxilliped. This appendage is 
leg-like (Fig. 16.4G) and its coxa carries a 
thin epipodite on the outer side. The exo- 
podite is thin and unjoined but the endo- 
podite has three segments — proximal, mid- 
dle and distal. The proximal segment is 
formed by the fusion of ischium and merus, 
middle is carpus and the distal segment is 
formed by the fusion of propodus with 
dactylus. 

(/) Walking legs. There are five pairs of 
walking legs for crawling. Each leg has a 
short protopodite with distinct coxa and 
basis and a prominent five segmented 
endopbdite (Fig. 16.fi). These endopodite 
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segments are, ischium , merus, carpus , propodus , 
and dactylus , The epi- and exopodites are 
absent. The first and second legs possess 
pincers formed by the attachment of dacty- 
lus on propodus and arc called chelate legs, 
while the rest are known as non-chelate legs. 
The second walking leg being the largest 
is known as large chela and the first walking 
leg is called small chela , 



Fig. 16.5. A. First walking leg. B. Second walking 
leg. C. Third walking leg of Palaernon. Note that 
the prawn has five pairs of walking legs of which 
only the first and second pairs of legs are provided 
with spinccrs. The remaining three pairs are 
without spincers and resemble the third walking 

leg- 

(5) Different apertures in cephalo- 
thorax. (a) Mouth, The mouth is a slit- 
like unpaired and median aperture on the 
ventral side of the cephalothorax and is 
situated in between third and fourth seg- 
ments. It is encircled by mandibles, maxil- 
lae and first maxillipeds. It is concerned 
with the ingestion of food. ( b ) Renal aper- 
tures, It is present as a minute opening on a 
raised papilla near the base of each second 
antenna. It serves as an outlet of excretory 


duct from the excretory organ, green gland. 
(c) Gonopores. T he position of these paired 
openings depends upon the sex of the indi- 
vidual. In males, the gonopores are seen 
on the inner sides of the coxae of fifth walk- 
ing legs and in females these are in similar 
positions on the third walking legs, (d) 
Statocyst openings. The statocysts or the 
balancing organs of prawn communicate 
with the exterior through minute pores. 
There are two statocysts situated one on 
the base of each first antenna. 

Abdomen 

* The abdomen is composed of six distinct 

£ segments and a posteriormost triangular 
telson. Each abdominal segment is laterally 
compressed and is bounded by a ring-like 
exoskeletal piece called the sclerite. The 
sclerite of one segment covers the sclerite 
of the following segment. Such imbricately 
arranged sclerites are united with each 
other by thin uncalcificd arthroidal 
membrane. Each sclerite consists of a 
ventral plate-like sternum and a dorsal 
arch-shaped ter gum (Fig. 16.6). The 



Fig. 16.6. Transverse section, of a palaernon 
passing through the abdominal region. 


tergum suspends freely oh the lateral 
sides as pleuron. The pleuroh is connected 
with the appendage of the ^corresponding 
side by a small plate-like epi^ieron. The im- 
bricate arrangement of the sclerites and its 
hinge-like joints (marked by orange spots) 
permit free vertical movements of the 
abdomen. Each abdominal segment car- 
ries a pair of appendages on its ventral 
sides. These appendages arc called pleopods 
and the last pair is modified and known as 
uropods . 
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(a) Pleopods or Swimmerets. One pair 
of pleopods are present in each of the first 
five abdominal segments. In each pleopod 
the protopodite has a longer basis than the 
coxa (Fig. 16.7 A-C). The exopoditc is 



poditcs are large and fan-shaped. The 
exopod ite is divided by a fine suture but 
the endopoditc is not sutured. The tactile 
setae are arranged at the margin of both 
the exo- and endopodites. The uropods are 
used for changing direction and also for 
leaping backwards. 

Only one aperture called anus is present 
near the base of the telson on its ventral 
side. This is the opening of alimentary 
canal for the purpose of egestion. 

Locomotion 

The prawn moves in three different 
ways — crawling , swimming and darting. At 
the time of crawling the animal straightens 
its body and rests over five pairs of walking 
legs. The legs arc moved in harmony and 
the feelers of the antennae arc directed 
forwards to survey the environment. The 
swimmerets move like paddle during swim- 
ming and look like oars. 

The third type of locomotion, darting, 
occurs to evade danger. During this type of 
movement, the animal curves its abdomen 
under the cephalothorax and exerts pres- 
sure on the surface by the expanded uro- 
pods and telson. This gives a backward 
thrust, which shifts the body to a consider- 
able distance in backward direction. 

Digestive system 

The digestive system consists of (A) Ali- 
mentary canal and (B) Digestive glands (Fig. 
16 . 8 ). 


Fig. 16.7. A. First swimmeret, B. Second 
swimmeret, G. Third swimmeret and D. Uro- 
pod of Palaetnon. Note that a male Palaemon can 
be distinguished from a female one by the 
presence of appendix interna. 

longer than the endopoditc. Both the exo- 
and endopodites bear tactile setae but the 
former is larger. An additional hook-like 
process, appendix interna is present on the 
inner sides of the endopodites of 2nd, 3rd, 
4th and 5th pleopods. These processes of 
both the sides in females unite to form a 
basket for carrying eggs. The second 
pleopods of the male prawn have an 
additional process which is known as 
appendix masculine . The pleopods are pri- 
marily meant for swimgiing. 

(b) Uropod. One pair of uropods is pre- 
sent in the last segment, one on each side 
of the telson (Fig. 16.7D). The protopodite 
is one segmented but the exo- and endo- 


A. Alimentary canaL The alimentary 
canal is distinctly divisible into three parts 
—fore gut , mid gut and hind gut. 

1. Fore gut. It is internally lined by 
thick cuticle and consists of following parts 
(a) Mouth. It is a broad opening on the ven- 
tral side of the cephalothorax between the 
third and fourth segments. It is bordered 
anteriorly by shield-like labrum , posteriorly 
by two-lobcd labium and laterally by the 
incisor processes of the mandibles. ( b ) 
Buccal cavity. A small antcrio-posteriorly 
flattened chamber between the mouth and 
oesophagus. It has an irregularly folded 
lining of cuticle. ( c ) Oesophagus. It runs 
vertically upwards as a broad tube from 
the buccal cavity and leads to the stomach. 
The inner lining is muscular and has one 
anterior, two lateral and one posterior 
folds, (d) Stomach. This is the longest part of 
the fore gut which is placed longitudinally 
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Fig. 16.8. Lateral view of alimentary system in Palaemon. The outline of the body is drawn 
to indicate the position of the different parts of alimentary canal. 


within the cephalothorax. It is divided 
into two parts: (i) Cardiac stomach. It is large, 
spacious and bag-like anterior part of the 
stomach. Its inner cuticular wall is provid- 
ed with ridges having minute bristles. 
Following plates support its wall — circular 
plate in the anterior part, lanceolate plate on 
the dorsal side of the posterior part and a 
shield-shaped hastate plate in the mid- ven- 
tral region. (Fig. 16.9). The posterior part 



of the hastate plate is depressed and reaches 
up to the cardio-pyloric opening. The upper 
part is slightly convex and gradually slo- 
pes towards the two lateral sides from a 
distinct median ridge in the middle. Both 


the upper and posterior surfaces have deli- 
cate setae. On each lateral side of the 
hastate plate lies an elongated lateral 
groove. A cuticular supporting rod and a 
ridged plate of similar nature, bound the 
inner and outer sides respectively of each 
lateral groove. The inner side of each 
ridged plate is provided with rows of comb- 
like setae, which arc known as comb-plate. 
The bristles of the comb-plate partially 
cover the lateral side of the hastate plate. 
The comb-plates of two sides unite at the 
anterior end but remain free at the pos- 
terior end just near the cardio-pyloric 
opening. The inner wall of the cardiac 
stomach on the side of cacti comb-plate is 
folded to form a longitudinal channel, 
called the guiding ridge . The two guiding 
ridges posteriorly form the border of the 
cardio-pyloric opening. ( ii ) Pyloric stomach. 
The cardiac stomach opens within the next 
part, pyloric stomach through a narrow, 
X-shaped cardio-pyloric opening. The 
opening is guarded by one anterior, one 
posterior and two lateral valves. The 
anterior valve is the posterior extension of 
hastate plate, posterior one is the fold of 
stomach wall and the two lateral valves are 
the projections of the guiding ridges. The 
pyloric stomach is much- smaller and 
narrower than cardiac stomach. Its lateral 
muscular wall is incompletely divided by 
folds into a small dorsal chamber and large 
ventral chamber. The ventral chamber recei- 
ves the duct from the digestive gland, 
hcpatopancreas and is divided into two 
lateral compartments. The floor of the 
ventral chamber has a rectangular filter 
plate having alternate ridges and grooves. 
Thfs filter plate together with the bristles 
on the lateral wall of ventral chamber, 
acts as pyloric filtering apparatus . This filter 
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permits only liquid food to enter into the 
intestine. 

2. Mid gut. It is the narrow and elon- 
gated part of the intestine, which begins 
from the dorsal chamber of pyloric sto- 
mach and runs along the mid-dorsal line 
up to the sixth abdominal segment. Its in- 
ternal epithelial lining at the posterior part 
is folded. Thus the space within the tube 
is reduced. 

3. Hind gut. It is also lined by thick 
cuticle and consists of following parts: 
(a) Rectum. It is the swollen muscular re- 
gion of the last part of intestine having 
numerous internal folds. ( b ) Anus. This is 
the aperture through which the alimen- 
tary canal opens to the exterior. It is a 
ventrally placed longitudinal slit-like open- 
ing, present near the base of the telson on 
a raised papilla. 

B. Digestive gland. Only one digestive 
gland, hepatopancreas , is present. It is an 
orange-yellow coloured, loosely arranged 
bilobed organ which encircles completely 
the pyloric stomach, part of the intestine 
and partly the cardiac stomach. One hepa- 
topancreatic duct originates from each 
lobe independently and opens separately 
within the pyloric stomach, immediately 
after the pyloric filter plate. The hepato- 
pancrcas in its role as digestive gland serves 
as liver, pancreas and intestine of higher 
animals. In addition, it absorbs digested 
food and can store it for future use. Thus, 
this organ serves double functions — diges- 
tion and storage. 

Mechanism of Nutrition 

The process of nutrition involves three 
stages — ingestion , digestion and egestion. 

Ingestion. Prawn is omnivorous, i.c. 
eats all kinds of foods. It feeds actively at 
dusk and in the morning on algae, decaying 
vegetables and small insects. Food is pro- 
cured by the chelate legs and brought near 
the mouth cavity by following appenda- 
ges — maxillipeds, maxillulae and maxillae. 
Mandibles help to fragment the food into 
smaller bits and the molar processes of the 
mandibles inside the buccal cavity crush 
the food. Entrance of food within the car- 
diac stomach is assisted by the peristaltic 
motion of the oesophageal wall. 

Digestion. Within the cardiac stomach 
the food is churned by the action of cuti- 
cular plates on the inner wall. Finer par- 


ticles of food being filtered by the comb- 
plate come within lateral grooves from 
where it is guided into the ventral cham- 
ber of pyloric stomach. Digestion takes 
place within the pyloric stomach by the 
action of digestive juices which come from 
the hepatopancreas. All the enzymes for 
the breakdown of carbohydrate, protein 
and lipid are present in the juice. The di- 
gested liquid food is strained by the filter- 
ing apparatus in the ventral chamber of 
pyloric stomach and enters within dorsal 
chamber and then to the hepatopancreas. 
The residual part of the food passes within 
the mid gut. After certain amount of 
absorption the residual matter enters 
within dorsal chamber and then to the 
hepatopancreas. The residual part of the 
food passes within the hind gut. 

Egestion. From intestine the residual 
part of the fpod enters within the rectum 
and is temporarily stored there for some- 
time. Finally it is ejected through the anus. 

Respiratory system 

Prawn respires in the aquatic medium 
and it carries three sets of organs for the 
purpose — lining of the branchiostegite , epipo - 
diles and gills. All these organs are enclosed 
within a special chamber on each side of 
the cephalothorax, which is called gill- 
chamber. The gill-chamber is covered by 
the lateral extension of carapace called gill- 
cover or branchiostegite. Each gill-chamber is 
thus open ventrally, anteriorly and post- 
eriorly. 

A. Lining of the branchiostegite. The 

richly vascularised membrane of the bran- 
chiostegite serves as respiratory surface, 
through which gaseous exchange takes 
place. 

B. Epipodites. These are small highly 
vascularised leaf-like membranous struc- 
tures, one on the coxal segment of each 
maxillipcd. These epipodites being present 
in the anterior part of the gill-chamber 
carry out respiratory functions. 

G. Gills. Among the three sets of respi- 
ratory organs, the gills are regarded as 
primary respiratory organs. On each late- 
ral side of the cephalothorax and beneath 
the branchiostegites, there are eight gills 
(Fig. 16.10), each attache!! with the tho- 
racic wall by a gill-root . Seven of these eight 
gills are serially arranged, while the eighth 
gill remains concealed under the second gill. 
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The gills are crescent-shaped and their 
sizes increase gradually from anterior to 
posterior direction. Each gill consists of a 
slender axis or base on which double rows 
of rhomboidal leaf-like gill-plates are 
arranged like the pages of a book. 


Two lateral and one median longitudinal 
blood channels pass throughout the length of 
gill base* The two lateral channels are 
interconnected by numerous transverse chan- 
nels . From each lateral channel a slender 
marginal channel is given to each plate. 



Fig. 16.10. Respiratory organs (Gills) of Palaemon . Note that the branchio- 
stegite of one side has been removed to expose the gill-chamber. 


According to their position and mode of 
attachment, the gills are of three types: 

(i) Podobranch — attached with the coxa of 
the second maxilliped. (n) Ar throb ranch- 
attached with the arthroidal membrane of 
third maxilliped. (Hi) Pleurobranch — atta- 
ched with the outer border of the thorax 
and over the articulating surface of 'the 
walking legs. In prawn, the first gill is 
podobranch, second and eighth gills are 
arthrobranchs and remaining five gills are 
pleurobranchs. 

Histological structure of the gill shows 
that gill base has following layers —the 
outermost cuticle , inner epidermis and inner- 
most connective tissue mass. Each gill-plate is 

Afferent branchial -^Transverse 

channels channels 


After covering the entire margin of the 
plate, the marginal channel opens within 
the median channel. The gill receives deoxy- 
genated blood through afferent branchial 
channels. Each branch of afferent channels 
opens within the transverse channels. 
From transverse channels the blood passes 
to the lateral longitudinal channels and is 
distributed subsequently within the gill- 
plates through the marginal channels. 
After oxidation, the blood from marginal 
channel returns to the median channel and 
then to the efferent branchial vessels , which 
convey it to the heart. The course of cir 
culation of blood through the gill is given 
below : 

Lateral longitudinal 
channels 


Marginal channels 


Heart-* -Efferent branchial-* Median longitudinal 

channels channels 

formed by monolayer of cells, sandwitched Mechanism of respiration 
between two layers of cuticle. The cellular The scaphognathites of maxillae and 
layer includes two alternately arranged exopodites of maxillipeds are responsible 
cell types — pigmented and transparent. for forcing the water to rush inside the gill 
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chamber through posterior and lateral 
sides. This water passes out through the 
anterior end. During the flow of water the 
vascularised surface of the branchio- 
stegites, gills and epipodites are bathed and 
gaseous exchange occurs through these 
areas when dissolved oxygen is taken in 
and carbon dioxide passes from the body 
to the exterior. 

Circulatory system 

The blood circulation in prawn is 
open type, i.e. blood flows through the 
body spaces. Such spaces are called 
haemocoels. The circulatory system includes 
— blood, heart , true blood vessels and 
haemocoelomic spaces. 

A. Blood. Blood includes both the cir- 
culating fluid and the body fluid. The 
cellular part of the blood includes only 
amoeboid leucocytes. The liquid part, 
plasma contains a copper-containing *rcs- 


longitudinally fibrous tissue strands connect the 
heart with the body wall and thus fix it to 
its position inside the pericardium. The 
wall of the heart is pierced by five pairs 
of slit-like openings called ostia. There are 
two pairs on the lateral sides, one pair in 
the ventral, one pair in dorsal and a pair 
at the posterior end of the heart. These 
ostia are contractile and work as valves to 
permit only flow of blood from pericardial 
sinus to the heart. 

C. True blood vessels. These are the ves- 
sels which possess definite walls. As all of 
them originate from the heart to supply 
blood to different parts of the body, they 
are better called arteries. From the heart 
of prawn six large vessels originate. They 
are : ( i ) single ophthalmic artery, (ii) paired 
antennary arteries and (iii) paired hepato- 
pancreatic arteries all originate from the 
anterior end and (iv) a single mid-posterior 
artery emerges from the posterior end 

(Fig. 16.11)/ 


antennal 


rostral dorsal gastr,C i • 

r / ostral branch I ophthalmic 


hepatopancreatic 



antetmular mandibular 


antennary , - .. . \ ^ 

/ 2*^7! thoracic ganglionic \ 

pericardial 'jjff mass \ \X. 

ventral thoracic "“^^ventral abdominal 
Fig. 16.1 1. Heart and principal arteries of Palacmon. Ventral arteries are partially drawn. 


piratory pigment haemocyanin in dissolved 
state. This pigment; is responsible for the 
blue colouration of the blood. The blood 
can coagulate very rapidly. 

B. Heart. It is more or less a triangular 
organ with inner spongy cavity. It is placed 
beneath the carapace and above the 
gonads. Heart is united with the pyloric 
stomach by a cardio-pyloric strand . The 
anterior end of the heart, called the apex is 
pointed and the broad end base is directed 
posteriorly. The entire structure is en- 
closed within a haemocoelomic space call- 
ed pericardial sinus the wall of which serves 
as pericardium. Two lateral and one median 


(i) Ophthalmic artery. The single 
ophthalmic or cephalic artery originates 
from the apex of the heart and runs an- 
teriorly along the mid- dorsal line up to the 
base of the rostrum and unites with the 
branches of two antennary arteries. 

(ii) Atennary artery. Each antennary 
artery originates from the heart and from 
the sides of the ophthalmic artery. It runs 
anteriorly along the outer border of the 
mandibular muscle. Each- antennary ar- 
tery sends the following ' branches on its 
own side — (a) Pericardial branch to supply 
blood to the pericardial wall, (b) Gastric 
branch to supply blood to the cardiac 
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stomach and ( c ) Mandibular artery to the 
muscle of the mandible. Each antennary 
artery then splits into ( d ) a ventral and (e) a 
dorsal branch. The ventral branch supplies 
vessels to the first and second antennae. 
The dorsal branch sends an optic artery to 
the eye and then the two dorsal branches of 
the two antennaries unite with the median 
ophthalmic artery to run within the ros- 
trum as a paired rostral arteries . 

( Hi ) Hepatopancreatic artery. The 
hepatopancreatic or hepatic artery of each 
side originates from the posterio- median 
end of the heart and runs transversely to 
enter within the hepatopancreas. 

{tv) Mid-posterior artery. The mid- 
posterior artery immediately after originat- 
ing from the posterio- median end of the 
heart divides into (a) supra-intestinal ar- 
tery and ( b ) sternal artery. The supra- 
intestinal which is also known as dorsal 
abdominal artery runs posteriorly along 
the mid-dorsal line up to the hind gut. It 
supplies the alimentary canal and the 
muscles on the dorsal sides. The sternal 
artery runs transversely towards the ventral 
side. It pierces the thoracic ganglion mass 
and bifurcates into an anteriorly directed 


D. Haemocoelomic spaces. Small hae- 
mocoelomic spaces are called lacunae. 
These lacunae open into larger spaces 
called sinuses. The passages connecting 
lacunae and sinus or two sinuses are known 
as haemocoelomic channels. Blood after 
flowing through different small haemo- 
coelomic spaces or lacunae is collected in 
a pair of common elongated space called 
ventral sinus. These are placed beneath the 
hepatopancreas and continued up to cer- 
tain length within the abdomen. The two 
ventral sinuses are interconnected by 
several small slender channels. 

From the ventral sinus six afferent branchial 
channels take the deoxygenated blood to 
the gills. First afferent branchial channel 
supplies blood to the podobranch and 
arthrobranchs while the remaining five 
vessels supply to the five plcurobranchs. 

From gills oxygenated blood is collected 
by six pairs of efferent branchial channels and 
is filially drained into dorsal or pericardial 
sinus. 

Mechanism of blood flow. The heart 
contracts to drive the oxygenated blood 
to the different parts of the body through 
arteries (Fig. 16.12). These arteries instead 



Fig. 16.12. Schematic route of blood flow in Palaemon. 


ventral thoracic and a posteriorly directed 
ventral abdominal arteries. The ventral tho- 
racic artery supplies blood to the different 
parts on the ventral side of the cephalo- 
thorax and ventral abdominal sends bran- 
ches to the ventral side of the abdomen. 

All the arteries ultimately break up into 
finer branches and open within the haemo- 
coelomic spaces. Thus the circulatory 
system of prawn lacks network of capil- 
laries. 


of forming capillary network open directly 
within haemocoelomic spaces. From diff- 
erent haemocoelomic lacunae deoxygenat- 
ed blood is collected witliili paired ventral 
sinuses. From these larg^ spaces, blood 
is sent for oxidation to Uhe respiratory 
organs through the afferent branchial 
channels. From ^ills the blood returns to 
the pericardial sinus through efferent 
branchial channels. When the pericardial 
sinus is full its wall starts to contract 
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anil forces the blood to enter within the 
heart through ostia. When heart contracts 
the lip-like borders of the ostia close and 
thus blood is permitted to travel only 
through arteries. 

Excretory system 

Excretory organs are known as green 
glands or antennary glands (Fig. 16.13). 



Fig. 16.13. Diagrammatic view of the excretory 
organs of Palaemon. These are called green 
glands or antennary glands and here the gland of 
the right side has been dissected to show the 
internal structures. 

These are paired white organs. Each organ 
remains within the coxa of each second 
antenna. The organ consists of following 
parts: (A) End sac. This small bean-shaped 
part contains a blood lacuna. Its wall is 
two-layered, the inner layer is of epithelial 
cells having excretory function and the 
• outer thick connective tissue layer has 
minute lacunae. Radially arranged parti- 
tions called septa , project from the wall 
within the central cavity^ (B) Labyrinth. 
Present outside the end sac and contains 
many narrow, branched and coiled excre- 
tory tubules. Each tubule communicates 
the end sac by a single opening but 
22 |*ol. i *76] 


opens within the bladder through several 
apertures. A single epithelial cell layer 
having excretory function lines each 
tubule. (G) Bladder. It is a thin-walled 
sac with an epithelial lining. It communi- 
cates with the exterior through a small 
ureter. (D) Excretory opening. It is pres- 
ent on the base of each second antenna. 

Both the green glands are connected 
with a common large thin-walled trans- 
parent and centrally placed sac called the 
renal sac. It is present between the cardiac 
stomach and the carapace and it commu- 
nicates with the bladder of each green 
gland by a separate lateral duct. The two 
lateral ducts are interconnected by a 
transverse connective. 

End sac and the labyrinth are the two 
regions responsible for extracting urine 
from the blood. The excretory product 
includes ammonia (excreted by end sac), 
uric acid, other nitrogenous compounds 
and excess water (excreted by other parts). 
The urine remains temporarily stored 
within the bladder and is periodically 
expelled through renal pores. 

In addition to green glands, gills and 
integumental covering are also responsible 
for excretion. The exoskcleton at the time 
of its periodic replacement carries a large 
quantity of excretory products. 

Nervous system 

Nervous system resembles the annelidan 
pattern but shows considerable advance- 
ment. It is divisible into (A) Central nervous 
system , (B) Peripheral nervous system and 
(G) Autonomic nervous system. It also includes 
several sense organs to permit the entry of 
different messages from outside. 

A. Central nervous system. The cen- 
tral nervous system runs from anterior to 
posterior end (Fig. 16.14) and contains 
following structures: (1) Brain. It is made 
up of a pair of supra oesophageal ganglia 
which are placed clorsally and. near the 
base of the rostrum. It sends a number of 
peripheral nerves to the different organs at 
the anterior end of the cephalothorax. 
(2) ClRCUM-OESOPHAGEAL CONNECTIVES. 

These are paired cords, each of which be- 
gins from the supra-oesoj’ihageal ganglion 
of one side and runs posteriorly along the 
ventro-lateral wall of the cephalothoracic 
cavity. A small ganglion is present in 
each commissure to supply nerve to the 
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mandibles. The two cords are connected 
by a thin nerve called transverse loop , which 
is present immediately after the oesopha- 
gus. The two connectives ultimately unite 
at the floor of the thoracic cavity with a 
large ganglion, called the thoracic ganglionic 
mass . (3) Thoracic ganglionic mass. A 
large ventral elongated mass is formed by 
the fusion of eleven pairs of ganglia. Two 
circum -oesophageal connectives are united 



Fig. 16.14. Nervous system of Palaemon (after 
Patwardhan). 


with it at the anterior end. This ganglionic 
mass is pierced by the sternal artery. It 
sends eleven pairs of peripheral nerves. 

(4) Ventral nerve cord. From the pos- 
terior end of the thoracic ganglionic mass 
originates ventral nerve cord which runs 
up to the postcriorrnost segment. The cord 
appears to be single but in reality it is 
formed by the fusion of two separate cords. 
T he ventral nerve cord along its course 
bears a ganglion in each segment. The last 
ganglion or 6th ganglion is the largest of 
all the abdominal ganglia and known as 
stellate ganglion. 

B. Peripheral nervous system. The 

peripheral nerves are given off from the 
different parts of the central nervous sys- 
tem. Each peripheral nerve contains two 
kinds of fibres — sensory and motor. The sen- 
sory fibres carry instructions from the cen- 
tral nervous system to different parts and 
the motor fibres are meant for bringing 
messages from different corners of the 
body. Following peripheral nerves are 
seen in prawn: (1) Optic nerve. From 
each lobe of brain, an optic nerve enters 
within the eye to innervate the retinal 
layer. (2) Antennular nerve. From each 
lobe of brain an antennular nerve is given 
within the first antenna or anlennule to 
supply statoevst and various other struc- 
tures present in the first antenna. (3) 
Antennary nerve. From the posterior side 
of each lobe of brain, antennary nerve 
originates and runs posteriorly to take a 
quick turn towards the anterior direction 
to supply the various parts within second 
antenna including green gland. (4) Cepha- 
lothoracic nerves. Eleven pairs of 
cephalothoracic nerves originate from the 
thoracic ganglionic mass to supply different 
muscles and appendages in that region. 

(5) Abdominal nerves. From each abdo- 

minal ganglion two pairs of peripheral 
nerves are given off to the corresponding 
segments to supply muscles arid appendages. 
The stellate ganglion in addition to these 
two pairs sends several mo|e branches to 
telson, rectum and other adjoining struc- 
tures. * 

C. Autonomic nervous system. It in- 
cludes a few minute ganglia and slender 
nerves which arc?- present over the cardiac 
stomach to supply involuntary parts of the 
body. 

D. Sense organs. Following sense organs 
are present in prawn to receive different 
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stimuli — tactile organs, olfactory setae, 
statocyst and eye. 

1. Tactile organs. These sense organs 
are present along the margin of antenna 
and other appendages. A typical tactile 
seta (Fig. 16.15A) consists of (a) swollen 
base or shaft and ( b ) pointed plumose with 
double rows of barbs. These are respon- 
sible for the sensation of touch. 



Fig. 16.15. A-C. Different sensory setae of 
Palaemon. A. Tactile seta. B. Olfactory seta. 
G. Statocystic seta. I). Statocyst of Palae?non 
(sectional view) — note the arrangement of sen- 
sory setae (after Patwardhan). 


2. Olfactory setae. These organs are 
present on the small inner branch of the 
outer feeler of the first antenna. These 
organs differ from tactile setae in the ab- 
sence of the barbs in ihe plumose part 
(Fig. 16.15B). These are responsible for 
smell. 

3. Statocyst. Inside the base (precoxa) 
of each antennule, the statocyst is present as 


a small, white and spherical cuticular sac. 
In the central part of the sac, elongated 
and slender sensory setae are elliptically 
arranged. Each seta (Fig. 16. 15G) con- 
sists of a pointed bristled end called shaft , 
which is directed inwards and an outer 
swollen base which is connected with a 
fine branch of statocyst nerve. In the area 
surrounded by the setae there are minute 
sand grains (Fig. 16.15D). When the 
prawn moves, these inner samd grains are 
displaced at each change of position. 
These displaced sand particles press against 
the sensory setae. Finer branches of stato- 
cyst nerve carry the information from 
each seta to the brain and the animal 
corrects its loss of equilibrium. 

4. Eye. Each movable and stalked eye 
is compound in nature, i.e. made up of 
several simple visual units (Fig. 16. 16A). 
Each unit is called an ommatidium or 
ocellus. 

( a ) Structure of an ommatidium 

Each ommatidium is divisible into two 
parts — outer dioptrical region for focussing 
and inner retinal part for receiving light 
stimuli. These two portions in each omma- 
tidium contain following parts from outer 
to inner sides: (i) Cornea. It is the outermost 
transparent cuticular layer. The cornea of 
all the ommatidia gives the outermost part 
of the eye a graph paper-like appearance 
(Fig. 16.16B) and each square is called a 
facet, (ii) Cornea gen cells. Immediately 
beneath the cornea a pair of corneagen 
cells is present which are responsible for 
the replacement of cornea (Fig. 16. 16G). 
(Hi) Crystalline cone. This is an elongated 
transparent body, placed beneath the 
corneagen cells and works as lens, (iu) Cone 
cells or Vitrellae. These cells are four in 
number and they encircle the cone or lens 
to provide nourishment. (p) Rhabdome. 
Elongated transversely striated body which 
is situated immediately beneath the cone 
cells, (vi) Relinular cells. These are elon- 
gated sickle-shaped cells. Seven such cells 
secrete the rhabdomc and encircle it to 
provide its nutrition, (vii) Pigment sheath. 
Two separate sheaths containing chroma- 
tophores ai'e responsible for separating 
one ommatidium from the other. The 
group of pigment sheatli which is present 
around cone and cone cells is called iris 
sheath . While the other group around 
rhabdome and retinular cells is called 
retinal sheath . Pigment sheaths are able to 
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Fig. 16.16. A. Compound eye of Palaemon 
(surface view). B. Compound eye of Palaemon 
(longitudinal section, diagrammatic). C. His- 
tological structure of four ommatidia (longi- 
tudinal section, diagrammatic). 


contract and relax, which depends upon 
the intensity of light. 

( b ) Mechanism of image formation 

The ommatidia may work singly or 
collectively. During bright light both the 
pigment sheaths extend and completely 
separate the ommatidia, which results 
in the formation of a large number of 
images. These images are called appo- 
sition images. This type of vision is called 
mosaic vision . When light is dim, pigment 
sheath contracts and all the ommatidia 
work together to form a single but blurred 
image. Such image is called superposi- 
tion image and the kind of vision is known 
as superposition image . Prawn can move its 
eye considerably and has nearly 360° 
vision. 

Reproductive system 

Sexes arc separate in prawn and sexual 
differences (i.e. sexual dimorphism) are 
prominent. The gonads are of different 
shapes and both occupy similar position. 
The important differences between two 
sexes are shown in the table -l Arthropoda. 

Male reproductive system. It consists 
of following structures (Fig. 16.17A): 
(1) Testes . These paired, soft and white 
organs are present above the hepatopan- 
creas and beneath the heart. Anterior ends 
of the two testes are united but the pos- 
terior ends arc free. Each testis includes 
numerous minute tubes called seminiferous 
tubules which remain enclosed within 
connective tissue. Each tubule has an inner 
lining of a single layer of epithelial cell 
which transforms into spermatozoa. (2) 
Vas deferens . From the posterior end of each 
testis, a long much-coiled duct, called vas 
deferens originates. It runs obliquely 
downwards and backwards between the 
thoracic wall and abdominal flexor mus- 
cles towards the fifth walking leg. (3) Semi- 
nal vesicle. Each vas deferens near the 
base of the fifth walking legips swollen as 
seminal vesicle. It serves as jp. chamber in 
which sperm cells are temporarily stored 
and transformed into small packets called 
spermatophores. (4) Male gonafiore. The base 
of each fifth walking leg contains a small 
opening called male gonopore, through 
which the seminal vesicle of the corres- 
ponding side opens. The gonopore is 
guarded by a small cuticular lid. 

Female reproductive system. It consists 
of following structures (Fig. 16.17B): 
(1) Ovaries . These paired white and 
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Table 1 — Arthropoda 

Differences beteen a Male and a Female Prawn 

Male I Female 

1. Among the specimens of same age, the 1. Size comparatively smaller, 
size is large. 

2. Abdomen is narrow. 2. Abdomen is proportionately broad. 

3. Walking legs are closely set. 3. Walking legs are set apart. 

4. Second walking leg is strongly developed 4. Second walking leg is moderately 

and with numerous spines. developed. 

5. Appendix masculina is present in the second 5. Absent, 
pleopod. 

6. Testes are elongated with a long median 6. Two ovaries are fused at both the 

gap for cardio-pyloric strand. Posterior ends and the median gap is short, 

ends are free. 

7. First part of the reproductive duct, vas 7. The oviducts are straight. 
deferens , i* ceiled. 

8. Reproductive openings or gonopores are 8. Gonopores are present near the 

present near the base of fifth walking legs. base of third walking legs. 

compact organs are placed above the a hard capsule within which egg cells 
hepatopancrcas and beneath the heart. or ova remain serially arranged. The 
The two ovaries are united at their matured eggs remain near the margin 
both ends. Each ovary is bounded by and the immature eggs occupy the centre. 



Fig. 16.17. A. Male reproductive system of Palaemon . B. Female reproductive system of Palaemon 
(after Patwardhan). 
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(2) Oviducts . From the outer border and 
from near the middle of each ovary origi- 
nates a short and wide oviduct which 
runs straight downwards to the third 
walking leg. (3) Female gonopore. Present 
one on the inner side of each third 
walking leg as a small aperture is 
called the female gonopore or repro- 
ductive opening. It acts as an outlet 
of oviducts. 

Breeding and Life history 

Sperm cells are umbrella-like. The 
eggs or ova are round, yolk-filled and each 
egg contains a large nucleus. Reproduction 
takes place during rainy season. Fertili- 
zation is external, i.e. union of reproduc- 
tive cells occurs outside the body. The 
female prawn carries the fertilized eggs 
within the abdominal basket. The develop- 
ment is direct, i.e. young which hatches 
out of the egg resembles the adult in 
appearance. Quick moulting occurs during 
the growth of the young. 

Example of the Phylum Arthropoda — 

TRUE CRABS 

Like prawn, the crabs are included 
within the class Crustacea, but its organisa- 
tion is more complicated due to more 
closer approximation of the segments. The 
well-known crabs of our country include 
genera like Carcinus , Portunus and Cancer. 

Habit and Habitat 

The crabs are of several types and vary 
in size, shape and colouration. The crabs 
may be marine and fresh-water. Though 
its body is adapted for aquatic respiration, 
it may live for a considerable period on 
land. The crabs dig burrows on the shores 
or banks of rivers and ponds. These 
animals come out for feeding, but with 
the slightest disturbance swiftly return to 
the hole. On land the crabs do lateral 
movement with the help of walking 
legs. Some crabs which live mostly in 
water have appendages more adapted for 
swimming. 

External structures 

The body is more or less oval in outline 
and the breadth is greater than the length 
(Fig. 16.18). The body of crab is divisible 
into cephalothorax and abdomen . 


Cephalothorax 

This is the most prominent part in the 
crab and is covered dorsally by a flat 
broad and oval carapace which is made up 
of fused tergites. The anterior and lateral 
margins of the carapace are semicircular 
and spiny. The ventral side of the cephalo- 
thorax is covered by sternites and its lines 
of fusions are w r ell-marked. The sternites 
extend inside the body as folds. Such 
folds are known as apodemes . These apode- 
mes being united with each other form a 
continuous ventral framework called endo - 
phragmal skeleton . This supporting frame- 
work provides the region for the attach- 
ment of muscles. The carapace is strongly 
calcified but the sternites are uncalcified. 
The exoskeleton which covers the two 
sides of the cephalothorax are known as 
pleuron. The margin of the carapace which 
extends laterally is called the pleural fold . 
On each side the pleural fold is separated 
into an anterior pterygoslomial region and a 
posterior branchiostegite. The pterygostomial 
region is immovable and separated from 
the carapace by a pleural suture. The bran- 
chiostegite is continuous with the carapace 
and forms the outer covering of the gill 
chamber. The rostrum is absent in crab. 
Following structures are seen in the cepha- 
lothoracic region, (a) Mouth. It is a square 
opening on the ventral side of the anterior 
end. ( b ) Eye. At the anterior margin of the 
carapace one pair of stalked compound 
eyes is placed within definite sockets. 
The stalk is two-jointed and movable. 
(c) Appendages. The appendages are 
jointed and are of same numbers as seen in 
prawn, but are structurally different. The 
cephalic appendages (Fig. 16.19) include 
( i ) Antennule or First antenna. These are 
small paired retractile appendages which 
usually remain folded sidewise and 
placed within sockets. ( ii ) Second antenna. 
Usually these paired appendages are small 
and erect. In one genus ofxrab ( Corystes 
sp.), the two second antennke anastomose 
to form a tube through wjiich water is 
sucked in for respiration. Tl|is tube filters 
the sand particles from watfcr. When the 
animal remains within the bjurrow, the tip 
of the tube protrudes out for the entry of 
water, (tit) Mandible. In this paired appen- 
dages, the incisor processes are not serrated 
like those of prawn but the palp is stout. 
(. iv ) and (v) First and Second maxillae. Of 
these two pairs of maxillae, the second 
maxillae are more prominent and its exo- 
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Fig. 16.18. External features of a true crab. A. Dorsal view . H. Ventral view. 


podites are developed into scaphognathitcs 
in the exhalant passage of the gill cliambcr. 
The thoracic appendages arc: (i) Maxilli - 
peds. In all the three pairs of maxillipeds, 
the exopodites arc whip-like and drawn 
backward to cover the gills. In the second 
and third maxillipeds, the epipodites arc 
sword-shaped. The basal joint of third 
maxillipeds arc flattened ventrally to 
cover the anteriorly placed oral appen- 
dages. 

(ii) Walking legs . The walking legs are 
uniramous and jointed. The notable 
feature in a crab is that the bases of walk- 
ing legs on each side are, set apart. Among 
the five pairs of walking legs, the first pair 
is well-deyeloped and is provided with 
powerful chela. The other legs are clawed 
but not chelated. The first leg is used for 


food capture and defence, while the rest 
of legs are meant for walking sideways. 

Abdomen 

The abdomen is six segmented, flap-like 
and much thinner in comparison to the 
cephalothorax. It remains flexed in the 
ventral side of the cephalothorax within a 
groove formed by sternites. The abdominal 
appendages or pleopods are rudimentary. 
Sixth pair of pleopods is absent in both 
the sexes. Two pairs of copulatory stylets 
formed by 1st and 2nd pleopods are seen in 
the males. In females, four pairs of pleo- 
pods form an egg carrying basket. Thus in 
a crab, well-developed locomotor appen- 
dages like swimmercts of prawn are not 
seen in the abdomen. Anus is present at the 
terminal end of last abdominal segment. 
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Digestive system 

The alimentary canal begins from mouth 
and consists of following parts — oesophagus , 
gizzard and intestine (Fig. 16.20A). The 
oesophagus is short but the gizzard is quite 




Fig. 16.19. First eight appendages of a true crab 
(from one side only). 1. Antennule. 2. Second 
antenna. 3. Mandible. 4. First maxilla. 5. Se- 
cond maxilla. 6. First maxilliped. 7. Second 
maxilliped. 8. Third maxilliped. 


conspicuous. A pair of superior caeca arises 
from the junction of gizzard and intestine. 
The intestine runs throughout the entire 
length of the abdomen and just before 
entering the abdomen it sends an elongated 
tube called the inferior caecum to the 
dorsal side. The intestine finally commu- 
nicates with the exterior through anus 
which is present in the last abdominal 
segment. The digestive gland, hepatopan - 
creas , is yellowish in colour and infiltrates 
the fold of carapace. Food is captured by 
the chelate legs. In case the food is large, 
the mandibles bite it into pieces before 
swallowing. The maxillulae and labrum 
work with mandibular palp to force the 
food inside the mouth cavity. 

Circulatory system 

Like prawn, the circulatory system is 
open type. Heart is irregular in outline and 
placed within a pericardial sinus in the 
thoracic chamber. The position of heart is 
just beneath the carapace and over the 
reproductive organs which in turn are 
present dorsal to the intestine. Number of 
arteries are given from the heart to the 
different parts of the body (Fig. 16.21). 
The arteries open within haemocoelomic 
spaces. The blood contains the pigment 
haemocyanin. 

Respiratory system 

The primary respiratory organs are 
called gills, which are arranged like pyra- 
mid within the two gill chambers. Each gill 
chamber is present on the side of the 
thoracic chamber and is completely sepa- 
rated from it by pleuron. Externally the gill 
chamber is covered by the branchiostegite . 
The gill chamber is drawn anteriorly into a 
tube which opens to the exterior. The 
water flows within the chamber through 
the opening in the undersurface of bran- 
chiostegite and passes out through the 
anterior opening. In the crab* Corystes sp., 
an interesting phenomenon }s noted re- 
garding the flow of water. When this crab 
remains within the burrow, ^the flow of 
water becomes reverse, i.e. water enters 
from the anterior end through a tube 
formed by the antennae and third maxilli- 
peds and exits through the undersurface of 
the branchiostegites. But when the crab 
com?s out of its burrow, the direction of 
water flow again becomes same as in other 
crabs. 
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Nervous system 

The nervous system of crab illustrates 
extreme instance of fusion which has re- 
sulted due to the close approximation of 
segments (Fig. 16.20B). The brain is placed 
at the anterior end and on the dorsal side. 
It is formed by the fusion of a pair of 
cerebral ganglia . From the side of each cere- 
bral ganglion one oesophageal connective arises. 
These two connectives encircle the gut and 
unite with the ventral thoracic ganglionic mass 


in the middle of the thorax. These two 
connectives are joined transversely by a 
posto esophageal commissure . A ganglion is 
present in the oesophageal connective. The 
ventral thoracic ganglionic mass is formed 
by the fusion of suboesophageal , thoracic , abdo- 
minal ganglia and major part of the entire 
ventral nerve cord. This mass is perforated 
by the sternal artery at the middle. From 
the brain nerves are given off to the 
eyes, antennae and visceral organs. The 




Fig. 16.20. A. Alimentary system of a true crab (dorsal view). B. Nervous system of a true 
crab (dorsal view). Legs are not drawn in both the figures. 
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thoracic ganglionic mass innervates maxil- 
lae, maxillipeds and thoracic limbs. On 
the ventral wall of the gizzard along the 
path of visceral nerve, a small ganglion is 
present. 



Endocrine system 

Several endocrine organs are present in 
crabs. Within each eye stalk and more 
towards the eye there is an X- organ, which 
contains special neurosecretory cells. At the 
base of each eye stalk another gland called 
sinus gland is present which acts as reser- 
voir for the hormones liberated by the 
X-organ. Two other endocrine organs — 
Y-organ in the antennal segment of head 
and androgenic organs along the sperm duct, 
are epithelial and non- neural in nature. 
The postcommis sural organ at the back of the 
head and pericardial organ near the heart, 
work as reservoir like the sinus gland. The 
X-organ controls the pigment pattern in 
the epidermal chroma top horcs and also 
influences the action of Y-organ. The 
Y-organ in one hand regulates moulting 
and also accelerates the growth of gonads. 
The Y-organ degenerates after the attain- 
ment of maturity. The products from 
pericardial organ increase the heart beat. 

Moulting 

The crab is well-known for its ability to 
shed off the old exoskeleton. Both the 


external and internal surfaces which are 
lined by cuticle, throw out the old skeleton 
and are replaced by new covering. This 
phenomenon is called moulting and it is 
necessary for the growth of the individual. 
'The phenomenon of moulting is seen 
in all arthropods but the process is well 
understood in crabs. 

There are four stages in the entire cycle 
of moulting, all of which are under hor- 
monal control — (1) Proecdysis or Premoult . 
At this stage calcium is removed from 
the old exoskeleton and the calcium con- 
tent of the blood increases. A new and soft 
cuticle is formed beneath the old exo- 
skeleton. (2) Ecdysis. It is the stage when 
the old exoskeleton is thrown out. After 
throwing out the old skeleton the animal 
swells up by taking in water and air in its 
internal spaces. (3) Metaecdysis or Post - 
moult. At this phase the new exoskeleton 
is calcified and hardened. (4) Intermoult. 
This is the stage when the individual 
is with hard exoskcleton. When young the 
intermoult period is short but in a full- 
grown crab the intermoult is terminal or 
final. 

The process of moulting docs not arrest 
the activity of the individual but involves 
continuous change in its physiology during 
different stages of moulting,. For example, 
water content, organic, reserves, concen- 
tration of mineral salt£, etc. are seen to 
alter during moulting. The moulting in- 
volves behavioural changes in the crab. 
The animals hide out at the time of moult- 
ing to protect its soft body. 

Reproductive system 

Sexes are separate and the sexual dimor- 
phism is noted specially in the disposition 
of abdominal appendages. In male, the 
first and second pleopods are uniramous 
and work as inlromittent organ, i.e. organ 
for the transfer of sperm within female. In 
order to do this work, the eadopodites of 
the second pleopods act as a biston within 
a tube formed by the pleopods of the first. 
The pleopods in female consist of uniseg- 
mented protopoditc, each parrying two 
elongated rami. These rani with their 
hairy processes form a basket to carry eggs. 
In both the sexes fhe reproductive organs 
are united in the middle and are extended 
laterally within the fold of the carapace, 
In male, the reproductive opening is pre- 
sent in the last leg and on a flexible process 
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of the coxa . In female, the oviduct of each 
side is provided with a chamber called 
spermatheca and it opens in sternum. 

Life history 

Fertilization is external and the fertilized 
eggs arc carried by the female in the basket 
formed by rudimentary abdominal appen- 
dages. Development passes through the 
appearance of three larval stages one after 
the other. These larval stages are known as 
Zoea , Aletazoea and Me galop a. The trans- 
formation from one stage to the next is 
attained by successive moulting. The cha- 
racters of these larval forms are discussed 
later together with the various other larval 
forms in arthropoda. It may be mentioned 
here that the Zoea larva of crabs has two 
spines — one at the anterior end and the 
other at the posterior end of the carapace. 
The third maxilliped is flattened (except- 
ing Homolodromia and related forms, where 
it is biramous and acts as oar). In 
Metazoea stage the thoracic limb rudi- 
ments appear beneath the carapace and 
abdominal segments possess pleopods. 
The Zoca and Metazoea are free-swim- 
ming but the Megalopa is able to walk on 
the substratum. 

SOME IMPORTANT CRUSTACEA 

HUTCHINSON IELLA . It was first collected 
in the year 1955 from the beach of Long 
Island Sound in U.S.A. (Fig. 16.22). 
Length is 3 nun and its characters are of 
primitive nature. Eyes are absent. Thorax 
includes eight segments and each segment 
carries a pair of legs. All these thoracic 
appendages and the second maxilla carry 
gnathobases or endites. Abdominal seg- 
ments are ten in number and arc cylin- 
drical. Abdominal appendages are absent 
but each segment has pleural spines. Sexes 
are united (hermaphrodite) but the re- 
productive organs are different. 

BRANCLIIPUS. The size is approximately 
1 5-20 cm. These fresh-water, pink-coloured 
crustaceans are without carapace. Antcn- 
nulcs are short but jhe antennae are 
long and modified as prehensile organ. 
Thoracic appendages are flattened and 
used for swimming. Ea^'h thoracic appen- 
dage bears gill for respiration. A shell gland 
is present in the cephalic region. Abdo- 
men is distinctly segmented but without 
appendages. Caudal style is unjointed. 


ARTEMI A. It is also known as brine 
shrimp (Fig. 16.23A). It is noted for its 
ability to swim on its back. It can tolerate 
salinity for a considerable period and 
alteration of salinity produces changes in 
its structural features. The carapace is 
absent and the eyes are placed on un- 
jointed stalks. Abdomen usually consists of 
six segments. Eleven pairs of thoracic 
appendages arc flattened to facilitate 
swimming. While moving during locomo- 
tion these limbs filter the food particles. 



Fig. 16.22. Hutchinsoniclla , a crustacean with 
primitive features (after Wilmoth). 


Respiration takes place through the gene- 
ral surface of the body and through parts 
of the appendages. Heart is tubular and 
provided with several pairs of ostia. Ex- 
cretory organs include one-shell gland 
vhich communicates through the base of 
second maxilla. Larva passes through 
nauplius stage. 

DAPHNIA. Common in fresh-water ponds 
and pools. The body is laterally compre- 
ssed and the segmentation is not well mar- 
ked. A bivalve shell' covers the entire 
body. Prominent biramous antenna and 
four to six pairs of thoracic legs arc used in 
swimming. Females bear brood pouch. 
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TRIOPS . In older books it is known as 
Apus. It is a fresh-water form (Fig. 16.23D). 
Length is 20-30 mm. Anterior two-thirds 
are enclosed dorsally by carapace. 
Head is unsegmented, broad and depress- 
ed. Abdomen is slender and with distinct 
segments. A pair of large many-jointed 
caudal styles extend from last abdominal 
segment where anus is present. One pair of 
lateral eyes and a single median eye are 
placed on the antero- dorsal side of the 
carapace. An oval structure called dorsal 
organ is situated posterior to eyes. On 
each side of the carapace lies a coiled 
tubular shell gland for excretion. First 
thoracic appendage is provided with 
several endites. 


maxilla carries a distinct plate and the 
second maxilla is leg-like. Thoracic appen- 
dages are two pairs — first, pair is used as 
leg and the second pair is meant for clean- 
ing. Abdomen is without appendages. 
Telson is well formed and bears a pair of 
small caudal styles. Heart is absent. In an 
allied species, Pontocypris> the males having 
0*3 mm length produce sperm cells which 
are as long as six millimeters. 

DEROCHEILOCARIS. It was first obtained 
in the year 1943 from Nebraska beach on 
Gape God (U.S.A.). Length of an adult is 
0*4 mm. Biramous mandibles are not 
specialised. Simple median eye is present. 
Two pairs of excretory organs (antennal 
and maxillary) are present. 
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Fig. 16.23. Some important crustaceans. A. Artemia. B. Cypris. C. Cyclops. D. T r iops. E. Mysis 
(from various sources). 


CYPRIS. These crustaceans are- inhabi- 
tants of fresh- water and length varies from 
1-2 mm (Fig. 16.23B). Unsegmented body 
is fully covered by a bivalve carapace, 
the two halves of which are articulated in 
the mid-dorsal line and intcr-connectcd by 
a strong adductor muscle. Carapace may 
be with varied markings. Compound eyes 
are absent but a simple median eye is 
present at the anterior end. Appendages 
are seven pairs. Two pairs of antennae are 
large and work as swimming organs. First 


CYCLOPS. These small Elongated and 
fresh-water forms bear distinct segments 
(Fig. 16.23C). Movement; is rapid and 
jerky. Females possess eggfsacs. Cephalo- 
thorax is formed 1 jy the fusion of head and 
first thoracic segment. The carapace pro- 
jects anteriorly as small rostrum. Remain- 
ing five thoracic and four abdominal seg- 
ments are distinctly visible* A median eye 
is present on the dorsal side and at the 
base of the rostrum. Antennules are long 
and slender. In males, the antennules 
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bend to form a hook for clasping the 
female during reproduction. Last thoracic 
segment carries the genital aperture. The 
first abdominal segment is fused with the 
last thoracic segment in females. The last 
abdominal segment bears anus on the dor- 
sal side. Caudal styles are branched and 
prominent. 

LEPAS. It is commonly known as ‘goose 
barnacle’ (Fig. 16.24). The sessile crusta- 
cean has a stalk or peduncle on which 


of thoracic appendages extend their deli- 
cate processes through the gap beneath the 
carapace. Strong adductor muscles are 
present for the movement of carapace. 
Alimentary canal is ‘U’-shaped. Heart and 
blood vessels are absent. Excretory organs 
in the adult arc called maxillary glands . 

MTS IS. it is almost like a miniature 
prawn (Fig. 16.23E). The carapace does 
not extend up to the last few thoracic seg- 
ments. Thoracic appendages are uniformly 



Tig. 16.24. Crustaceans which arc sessile. The shell has been opened in one Leftas to show 
the structures. 


broad part of the body called the capi- 
tulum is placed. The capitulurn is covered 
by carapace or mantle. The carapace is 
bivalved and consists of five calcareous 
plates-— (i) dorsal carina , (ii) two lower 
and lateral scuta and (Hi) two lateral and 
dorsal terga. The small vermiform body 
remains within the shell. In a living speci- 
men, the exo- and endopodites of the six 
pairs of thoracic appendages peep through 
the partially opened ventral aperture of 
the mantle and are engaged in food catch- 
ing. Antennules are small, but antennae 
are absent. Two pairs of maxillae are 
• present near the ventral and anteriorly 
directed mouth. Anterior end of the body 
is attached with the stalk and the free 
posterior end terminates as the penis. 

BALANUS . These are called rock bar- 
nacles or acorn- shells (Fig. 16.24). Stalk is 
absent in these sessile forms and the body is 
wrapped by a mantle which is made up of 
six calcareous pieces. The free end is pro- 
vided with a lid or operculum which is for- 
med by two plates, scuta and terga . Six pairs 


leg-like and carry the exopodites. A 
brood pouch is present near the posterior 
thoracic appendages. Pleopods are larger 
in male than in female. Gills arc absent. 
Eyes are larger in comparison to the body 
size. Statocysts are distinctly visible at the. 
base of the uropods. 

O.XISCUS. It is commonly known as 
wood-louse or saw-bugs. These crusta- 
ceans are adapted for land life. Aerial res- 
piration is carried by numerous air-filled 
tubes. These arc small, broad, flattened 
and more or less oval. Only first thoracic 
segment participates in the formation of 
ceplialotliorax. Compound eyes are sessile. 
X brood pouch is present. 

HQMARUS. It is commonly known as 
lobster. The body is more or less cylindri- 
cal and the chelate legs exhibit symmetry. 
The exopodites of the uropods bear dis- 
tinct transverse suture. * While moulting 
the old exoskeleton splits longitudinally 
along a middle line on the dorsal side. 
These lobsters are well known for their 
ability to regenerate lost limbs. 
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PALINURUS. This is known as marine 
rock lobster. The second antenna is long. 
Rostrum is poorly developed. Legs are 
not chelated but only clawed. Abdominal 
appendages are fan-like. The larva is 
called Pkyllosoma. 

SCYLLARUS. Strongly built broad body 
is covered with thick spiny exoskeleton 
(Fig. 16.25). The second antenna is s flat 
and scale-like. The stalked compound eyes 
are placed in special sockets within the 
carapace. First pair of pleopods are absent. 
The telson and uropods are broad and 
fan-like. The larva is known as Pkyllosoma. 


antennule 



Fig. 16.25. Scyllarus — a marine relative of 
prawn. 


EUPAGURUS. The body of Eupagurus 
or hermit crab is modified for its peculiar 
mode of life. It always lives within the 
empty shell of a gastropod (Fig. 16.26A). 
Cephalothorax is elongated and bears 
short antennule and long antenna. The 
soft abdomen remains twisted within the 
spiral shell of the mollusc. Excepting the 
uropods, and other abdominal appendages 


on the right side are absent. Uropod is 
transformed into a hook-like structure for 
the attachment within the shell of gastro- 
pod. The fourth and fifth pairs of legs are 
much reduced. The remaining appen- 
dages extend out of the shell. First two 
legs are chelated and the chelate leg on 
the right side is very large and acts as lid 
or operculum. When the growth of the body 
demands, Eupagurus selects a new large 
shell and deserts the old one. 

H1PPA. It is commonly known as 
mole-crab (Fig. 16.26B). The body is more 
or less cylindrical and resembles the true- 
crabs in having abdomen Hexed beneath 
the cephalothorax. The oval carapace 
does not extend up to the anterior part, 
where antennae and small eyes are pre- 
sent. Thoracic and abdominal appendages 
are modified for the purpose of digging. 

GAMMARUS. This laterally flattened 
fresh-water crustacean is commonly called 
‘sand flea’ and is well known for its 
ability to dart (Fig. 16.27A). Cephalo- 
thorax is formed by the fusion of head and 
one thoracic segment. The carapace is 
absent. First antenna is narrow. Mandi- 
bular palp is threc-jointed. Thoracic 
appendages are seven pairs first two 
pairs are partially chelated, next two 
pairs are pointed anteriorly and the last 
three pairs are posteriorly pointed. The 
base of thoracic leg is plate-like and a gill 
is at tacli cd with each thoracic leg. Abdo- 
men is well-developed and six-segmented. 
Each of the first three abdominal segments 
bears a pair of appendages for swimming 
and producing water current to bathe the 
gills. The last three pairs of abdominal 
appendages are posteriorly directed and 
known as uropods. The uropods are used 
for darting. 

CARRE LLA. These slender arid elongated 
Crustacea resemble the stick insect and 
exhibit perfect mimicry (ijig. 16.27B). 
The cephalothorax is formed by the fusion 
of head and first two thoracic segments. 
The second antenna is smaller than the 
first. The third thoracic limb is the largest. 
The fourth and fifth thoracic legs are ab- 
sent and these segments bear only the 
gills. Last three segments carry usual types 
of legs. The abdomen is rudimentary and 
persists as a small wart at the end of last 
thoracic segment. Some extent of herma- 
phroditism is noted in these forms. 
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appendage 


* maxillipede 


Fig. 16.26. Some important crustaceans (contd.j A. Jltipagurus. F Hippa. C. Sqtiilla. Arrow 
indicates the body of Eupagurus outside the molluscan shell. 


SQUILLA. The notable feature of this 
Crustacea is that the abdomen is much 
longer than cephalothorax (Fig. 16.26C). 
Carapace does not cover the last three 
thoracic segments. Rostrum is movable. 
Head has two movable segments in front 
— one segment carries the stalked eyes and 
the other bears the triflagella tc anten- 
nules. First five pairs of thoracic appen- 
dages arc uniramous and work as maxilii- 
peds. The second pair of inaxillipeds is 
large and spinny. Pleopods carry the gills. 

PARASITIC CRUSTACEANS 

Many crustaceans live as parasites on 
other animals. The hosts include wide 
variety of animals ranging from other 
crustaceans to giant whale. The degree 
of parasitism also varies. Some are tem- 
porary, some are permanent; certain 


forms live as ectoparasites while several 
others are endoparasites. A brief account 
of certain parasitic crustaceans (Figs. 
16.28 and 16.29) is given below: 

MOASTRILLA. The adult of this Crus- 
tacea is free-swimming. The larva is free- 
swimming in the beginning but after a 
short period it pierces the epidermis of a 
polvchacte worm (Salmncina) and clings 
with the help of mandibular hooks. Gra- 
dually the larva enters within the body 
of the host worm and finally settles within 
the ventral blood vessel. From the begin- 
ning of its life the larva does not possess 
any alimentary canal and at the time of 
its journey through tins body of the host it 
loses all the structural details and turns 
into a loose mass of' cells. These cells 
remain within a chitinous covering. Fur- 
ther development of adult structure occurs 
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from these cells. The second antenna acts 
as a structure for absorbing nourishment. 
When full-grown, the adult breaks the 
body of the host and becomes free-swim- 
ming. The second antenna is left within 
the body of the host. In the adult the 
appendages are a pair of antennules and 
several biramous thoracic legs. The thora- 
cic appendages are used as swimming 
organs. No functional mouth parts are 
seen in the adult and the alimentary canal 
includes a mouth leading into a blind 
short stomach. It has been observed that 
if more than one Monstrilla infect a worm 
all become males. Otherwise in the case 
of a single infection, it may be either a 
male or a female. 


eighth ccphalothorax 



Fig. 16.27. A. Gammarus. B. Caprella (after 
Sedgwick). 


NOTODELPHYS . Both the sexes infect the 
gill chambers of Ascidians (lower chor- 
date), but are capable of coming out to 
lead a free-swimming life. Thus parasitism 
encountered here is of temporary nature. 
First antenna is different in male and 
female. Second antennae are prehensile. 
In another closely related genus, Dropygus 
the females are fixed with the body of 
the host and thus are unable to swim. 


ASTEROCHERES. It lives as ectoparasite in 
various animals, i.e. spon ges, cchinoderms 
and ascidia. Excepting the presence of a 
siphon, practically no structural changes 
have occurred due to parasitic mode of 
life. Siphon is formed by the oral appen- 
dages and contains three elongated groo- 
ves. Styliforrri mandibles work in the outer 
grooves of the siphon. 

MICOTHOE. It is a parasite on the gills 
of the lobster. Body is poorly segmented 
and deformed. Antennae and mouth parts 
are modified for suction. First antenna is 
made up of more than seven joints. Thorax 
is produced into huge lobes but abdomen 
is of normal size. Paired egg-sacs are pre- 
sent. 

UCHOMOLGUS. One species {L. agilis) is 
a temporary parasite on the gills of Doris 
(mollusc). The anterior end is semi-eir- 
cular and last five thoracic segments are 
distinct. Size of the thoracic segments 
gradually reduces from anterior to pos- 
terior direction. First abdominal segment 
is the largest. Caudal styles are well 
marked. 

ANTHOSOMA. It lives as parasite in the 
mouth of Porbeagle shark. The elongated 
body is to some extent cylindrical. Anten- 
nule is manv-jointed. Second antenna is 
chelate-like. Pleopods are reduced and 
eyes are absent. Body is modified to form 
overlapping lobes and possesses paired 
egg-sacs. 

ERG AS l LUX. It lives as parasite on the 
gills of a fish called Bass ( Morone sp.) The 
body is cylindrical and the segments are 
distinct. The antennule is five-jointed and 
the antenna is transformed into a hook- 
like structure for holding the body of the 
host. The maxillipeds are prehensile and 
eyes are absent. Paired egg-sacs are pre- 
sent. 

BO MO LOCI l VS. It is an Ectoparasite on 
certain fishes, either on skin (in Sole) or 
in the nostrils (m Cod). First antennules 
are small but joints are distinct. Second 
antennae arc curved. Maxflliped is well- 
formed. No siphon is presenjt. First thoracic 
appendage is modified. Abdominal seg- 
ment rarely contains any significant ap- 
pendages. 

CHONDROCANTHUS. Females are para- 
sites on the gills and mouths of different 
marine fishes. It has depressed and 
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unsegmented body with crinkled lobes. An- 
tennae are modified into hook-like struc- 
tures for attachment. Mandibles, maxillae 
and two pairs of thoracic legs are present. 
Males remain attached to the body of the 
female and are much smaller. 

PHIUCHTHTS. These are ectoparasites on 
the skin of certain teleostcan fishes (Sole) 
and remain fixed near the lateral line of 
the fish. It exhibits sexual dimorphism — 
females having long finger-like processes 
but males are normal. Siphon is absent. 
They feed on mucus from the slime glands 
of fishes. 

GIARDELLA. Only the adults are ectopara- 
sites on the decapod crustaceans. The lips 
around the mouth form a hollow projec- 


tion, but it is not the true siphon, which is 
present in some crustacean parasites. 

CAUCUS. It is an ectoparasite on fish, 
infecting the gill chamber. Antennules are 
provided with bristles. Antennae are book- 
likc. Oral appendages around mouth form 
a definite siphon, within which the 
mandible works. Fifth thoracic appen- 
dage is long. Females are slightly larger 
than males and sometimes bear a pair of 
elongated egg sacs. 

LERNAEA. Only female members are 
parasites. These parasites with vermiform 
bodies live in the skin and blood vessels 
of different fishes. A peculiarly lobed 
anterior end possesses maxillae for pierc- 
ing. Minute vestiges of feet are present. 
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Fig. 16.28. Some parasitic crustaceans (after Parker and Haswell) 
23 [yoL. i, 76] 
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Both the sexes remain free-swimming at 
the beginning. After reproduction, the 
female becomes parasite and undergoes 
degenerative changes. 

LESTEIRA . These are parasites on fishes 
and have unsegmented body. The head is 
swollen and bears suctorial mouth parts. 
Appendages are reduced and the egg sacs 
are filamentous. 

TRACHEUASTES . These endoparasites of 
annelids have elongated and segmented 
body which bears serrated mandibles and 


within the niarsupium of another group of 
crustaceans belonging to the family Gam- 
maridae. Both sexes reside within the 
same marsupium. Both the sexes have 
similar appearance, only the males pos- 
sess a median glandular thread for its 
attachment with the female body or with 
the body of the host. Females are more 
sluggish than males. 

ARGULUS. It lives as an ectoparasite 
within the gill chamber of fresh- water 
fishes. It does not remain permanently 
fixed and either swims freely or crawls over 


thoracic abdominal 
tnoracic segments 
segments s 


antenna 



thoracic 
segments 




antenna 

thoracic appendages 
(posterior) 

kA. 


thoracic 

segments 

adductor 

muscles 


ovary 




abdominal ^ 

limbs 


mantle 

cavity 


Alcippe female 



Bopyrus 

male 


Alcippe male 


thoracic 

appendages 


ooste 


Bopyrus female 


Fig. 16.29. Some parasitic crustaceans (contd.). 


uniramous maxillipeds. Second maxillae 
are enlarged for attachment. 

ACHTHERES. The male is smaller than 
the female. First antennulae are short but 
similar in both the sexes. In the female, 
the segments are indistinct. Maxillipeds 
are fused at their free end with a pad 
which is beset with chitinous hooks. In 
males, the posterior segments are distinct 
and the prehensile maxillipeds are not 
united. Both the sexes cling to the gills of 
fishes (Perch, Trout) and live as ecto- 
parasites. 

STENOCHO THERES. It lives as parasite 


the surface of the host body. The leaf-like 
body includes a flat and oval ccphalo- 
thorax and a small bil^bcd abdomen. 
Two compound eyes are qistinctly visible 
and near each eye two shofrt antennae are 
present. Short first rnax$lae and styli- 
form mandibles work irjjside a siphon 
which together with a poison spine in 
front acts as the piercing organ. The 
second maxillae are transformed as suck- 
ers. The maxillipeds are modified for 
clasping and four pairs of thoracic legs are 
swimming appendages. Breeding takes 
place outside the body of the host and 
fertilization is internal. 
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ALGIPPE. It resides as parasite in the 
shell of a kind of snail, called Whelk. The 
thoracic appendages are absent but abdo- 
minal appendages are present. 

LAURA . These bean-shaped crustaceans 
are parasites #within the cnidarians 
(Black corals, Gerardia sp.). The body is 
placed within a soft mantle and consists 
of eleven segments. The thoracic appen- 
dages are modified. It is hermaphrodite. 

PROTEOLEPAS. These parasites with 
maggot-like segmented bodies infect an- 
other cirripedian Crustacea ( Alepas ). It was 
first collected and described by Charles 
Darwin but was never found again. The 
number of segments are eleven of which 
first eight are thoracic segments and the 
last three are abdominal segments. Anten- 
nae are modified for attachment. The 
mouth and the legs are absent. 

GNATHIA. The adults are free-living but 
do not take any food. The nutrition is 
provided by i stored food materials 
which were obtained in the parasitic state 
of its larval forms. The larvae live as ecto- 
parasites on different fishes. It absorbs so 
much fluid that it loses its segmentation 
and becomes completely round. The 
adults are 1-8 mm in size and exhibit 
remarkable sexual dimorphism. In fe- 
males, the body is filled with the enormous 
ovary but: in males the liver is enormous. 

CYMOTHOA . These crustaceans are her- 
maphrodite. The free-swimming youngs 
are males. After certain period of growth, 
Cymothoa becomes ectoparasite on different 
fishes and behaves as female. The legs are 
short and clawed and the mouth parts 
become modified for piercing. 

CYMODOCE . These are temporary ecto- 
parasites and often are regarded as scaven- 
ger on decomposing parts of fishes and 
other animals. Body is broad, flat and in 
females the mouth parts are reduced. But 
this degeneration is compensated by the 
enormous growth of the maxillipeds, 

DAN ALIA. The larval stages are free- 
swimming. First free-swimming larva is 
called Epicaridian larva . It transforms into 
another free-swimming larval stage, called 
Cryptoniscus . It contains a pair of promi- 
nent testes in the thorak and a rudimen- 
tary ovary on the tip of each testis. At 
the free-swimming stage it acts as a male 
and fertilizes the female, which remains 
parasitic on other parasitic crustaceans 


like Sacculina. After reproduction, the 
male fixes itself on the host (parasitic 
Crustacea) as a parasite and turns into a 
female. The body of a full-grown female 
looks like a sac containing only eggs and 
growing embryos. Two pairs of sperma- 
thecae are present on the ventral side to 
receive sperm cells. 

BOPYRUS. Like Danalia , this is also a pro- 
tandric hermaphrodite, i.e. same indivi- 
dual first behaves as male and then trans- 
forms into female. But in this Crustacea, 
after epicaridian and cryptoniscus stages, 
another larval stage appears which is 
called Bopyrus larva. It acts as male and 
bears two pairs of rudimentary antennae 
and eight pairs of thoracic appendages 
(first pair is insignificant). Four pairs of 
abdominal appendages act as gills. The 
male after fertilizing the female, fixes 
within the wall of the gill chamber of 
crustaceans like prawn and transforms 
into female. The female body becomes 
asymetrical. The maxillipeds grow con- 
siderably to cover the antennae and man- 
dibles. The bases of the thoracic appen- 
dages become leaf-like and form a brood 
pouch. 

PORTUNION. These are reddish crusta- 
ceans and their adult females live 
as parasites within the thoracic cavity 
of crabs and related forms. Development 
passes through epicaridian, cryptoniscus 
and bopyrus stages. Bopyrus stage after 
working as male at first fixes on the thora- 
cic wall within the gill chamber of crab. 
It gradually becomes female and slowly 
penetrates inside the thoracic cavity of 
the host. Finally the body of the parasite 
contains a rudimentary head and abdomen 
but the thoracic appendages form a distinct 
brood pouch. The brood pouch commu- 
nicates with tne gill chamber through a 
minute aperture, which acts as the outlet 
of fertilized eggs. 

CYAMUS. These crustaceans with their 
biting mouth pans attack the skin of 
whale. Broad and depressed body is ex- 
panded laterally and has three pairs of 
clawed thoracic appendages. Abdomen is 
vestigial. 

PELTOGASTER. It is amendoparasite and 
it infects hermit crab. The body has chan- 
ged considerably due to the parasitic 
mode of life. The body of the adult re- 
mains attached with the body of the host 
as a bag-like mass. The outer covering of 
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the mass is a muscular mantle which is 
fixed with the body of the host by a ring- 
like muscular fold. Within the mantle 
there is a mantle cavity, at the inner wall 
of which lies the visceral mass. The visceral 
mass primarily contains the reproductive 
organs, testes and ovaries. The testes are 
two in number and are tubular. Each 
testis opens within a vas deferens. The 
ovaries are also paired and communicate 
with the exterior through a pair of ovi- 
ducts. A slender Yierve ganglion is present 
near the opening of the mantle. This 
opening of the mantle cavity is present at 
the anterior end and is provided with a 
sphincter muscle. Segmentation and app- 
endages are absent in the adult mass. 
Larva is free-swimming and bears distinct 
crustacean features. 

Example of the Phylum Arthropoda — 

SACCULINA 

Sacculina lives as a parasite on crab. 
The parasitic habit, has caused much 
degeneracy of different structures in the 
adult. The different structures like mouth 
and anus are absent. It is seen like a soft 
round tumour on the abdomen of the crab. 
From this tumour numerous branched 
filaments are ramified in all the parts of 
the body of the host except the heart arid 
the gills. The adult Sacculina (Sacculina 
externa) is characterised by loss of seg- 
mentation and appendages. All the organ 
systems are degenerated except the repro- 
ductive organs. There is a pair of elongated 
testes and a pair of ovaries with accessory 
genital glands, genital atrium and colla- 
terial glands. There is a single nerve 
ganglion. The adult Sacculina is difficult 
to recognise as an arthropod. The study of 
its developmental history justifies its 
inclusion as a crustacean. The life history 
of Sacculina is extremely interesting (Fig. 
16.30). An adult female produces nume- 
rous eggs. The mechanism of fertilization 
is not actually known. There arc. diverse 
opinions regarding the process of fertili- 
zation. Fertilization in Sacculina, in all 
probabilities, is internal. 

I. Nauplius larva: The v youngs are 
hatched from the eggs as free- swimming 
Nauplius larvae. This nauplius larva is more 
or less triangular in shape and is peculiar in 
having two frontolateral horns, each con- 
taining a pair of gland cells. It has a 
median eye and three pairs of appendages 
for swimming. The second and third 


appendages are devoid of any masticating 
process. The body terminates posteriorly 
into caudal furca. The mouth and alimen- 
tary canal are absent in the nauplius and 
it contains numerous germ cells (ova). 

II. Cypris larva: In cdlirse of develop- 
ment the nauplius transforms into a Cypri« 
stage after 3 or 4 months. The free-swim- 
ming cypris bears a bivalvcd shell, six pairs 
of thoracic biramous appendages and 
numerous germs cells. The abdomen is 
extremely reduced and is without any 
appendage. The abdomen is terminated 
in a pair of caudal rami. Single eye persists. 
A pair of frontolateral glands open near 
the margin of the valves of the shell. A 
pair of three-segmented antcnnulcs are 
present. The terminal segment of the anten- 
nule bears backwardly curved structure — 
the organ for attachment. After a period of 
free-swimming life, the cypris larva atta- 
ches itself to the body of the crab by the 
help of its hook-like antennulc. 

III. Kentrogen larva: It then dis- 

cards its thoracic appendages with muscles 
along with the bivalvcd shell. The contents 
of the anterior region of the body become 
detached and are enclosed in a new sac re- 
maining in connection with the antcnnulcs 
which are fixed to the host. The old cuticle 
is replaced by a new one to enclose the 
rest of the body like a sac. The body con- 
sists merely of a ball of cells. The pointed 
end of the cuticle of parasite’s hook begins 
to bore the cuticle of the crab. It is then 
known as Kentrogen stage. Within it a 
chitinous rod known as dart is differen- 
tiated. The point of the dart lies within 
the fixed antennulc. When it is fully 
formed, it forces its way through the 
cuticle of the host. Through this dart, the 
contents of the sac consisting of a mass of 
undifferentiated cells surrounded by an 
ectodermal layer pass into the body cavity 
of the crab. The cells of the parasite enter 
within the body of the crab apd arc carried 
by the blood stream into * the thoracic 
cavity. i 

IV. Sacculina internal There the 
cells of the parasite multiply leading into 
a stage called Sacculina interna * It then sends 
slender processes throughout the body of 
the crab to draw nutrition. The main body 
of the Sacculina interna , as it continues to 
grow, degenerates the tissues of the host’s 
body wall. Finally the main body of the 
parasite pushes out as a swelling in the 
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abdomen of the crab. r J?his phase is called 
the Sacculina externa . 

Effects of Parasitism 

The parasitic mode of living exerts 
tremendous effects on the parasite as well 
a 9 on the host (Fig. 16.31). 

On the Host 

The host crab shows great disturbance 
in the metabolic processes. The process of 
moulting ceases when the parasite becomes 
external. In both the sexes of the crab, the 
infection of sacculina inhibits reproductive 
activities resulting into the atrophy of 
gonads. The males, in addition, lose dis- 
tinctive male features, i.e. shapes of the 
chelate legs. They develop various degrees 
of secondary sexual characters proper to 
the females. The chelipeds remain in the 
form of non-breeding phase. The abdo- 
men becomes more or less flattened and 


may assume the female form. The copula- 
tory styles are greatly reduced and small 
pleopods may appear on the third to fifth 
abdominal pleopods. It has also been 
reported that a completely modified male, 
when recovers from the parasitic infection, 
may be able to regenerate gonads in some 
cases. Thus the individual becomes her- 
maphroditic producing both ova and 
sperms. The female crab, after infection 
with Sacculina, shows great reduction in 
the size of the pleopods and the gonads 
show reduction in size. 

On the Parasite 

Most of the organs lead to a high dege- 
neration excepting the genital organs and 
the organ for adhesion. 

Impact of parasitic life on Crustacea 

It is evident from the above-mentioned 
examples of parasitic crustaceans that 



Fig. 16.31. Parasitic effect of Sacculina on the sex of host crab. I. Normal non-infccted 
female crab. II. Normal non-infccted male crab. III. Abdomen of a normal female. 
IV. Abdomen of infected female. Note the redaction of ovigerous appendages. V. 
Infected male crab. Note the reduction of chela arid their conversion to feminine chela. 
VI-VI1I showing the abdomen of infected male. Note gradual approximation to 
feminine condition. 
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parasitism often involves following changes 
in the parasites themselves — 1 . Loss of 
segmentation. 2. Loss of appendages. 3. 
Loss of different systems, i.e. alimentary, 
circulatory and excretory systems. 4. Loss 
of typical crustacean features and 5. Re- 
duction of metabolic rate. The effects of 
parasitism increase with the degree of 
parasitic life. The endoparasites exhibit 
more degenerative changes than the 
ectoparasites. In some, like Sacculina, the 
degeneration is so extreme that only 
through the study of their larval forms it 
has been possible to ascertain their 
systematic position. In spite of these 
degenerative changes the parasitic crusta- 
ceans exhibit suitable mechanisms for 
holding and piercing the host, for absorb- 
ing nutrients arid possess efficient repro- 


ductive mechanism to help in prolific 
multiplication and safe dispersal. Thus 
parasitism not only causes degeneracy but 
also leads to specialisation. Both are 
needed for the survival of the individual. 

Example of the Phylum Arthropoda — 

TRILOBITES 

These groups of arthropods have no 
living members and are represented only 
by fossils. Altogether 19 genera are known 
to have had included nearly 4000 species. 
A fossil trilobite was first discovered in the 
year 1 698, but was then wrongly identified 
as the skeletal frame of a flat fish. The tri- 
lobitcs practically have no semblance with 
the modern arthropods (Fig. 16.32). The 
actual affinity of trilobites has not yet been 
conclusively proved, but it is definite that 



Fig. 16.32. A few Trilobites. A. Harpes ungula. B. Holmia kjerulfi. G. Tri nucleus bucklandi . 
D. Triarthrus becki. All Trilobites are represented only by fossils (after Sedgwick). 
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these fossils, in addition to their specific 
characters, have features common to 
arachnids and crustaceans. The trilobites 
are undoubtedly the oldest arthropods but 
nothing is known about their origin. 

Habit and Habitat 

All the trilobites were marine animals 
as indicated by the fact that their fossils 
were found from beds which contained the 
fossils of various other t marine animals. 
The trilobite fossils were found from Pre- 
cambrian and Cambrian beds and they 
became extinct before the end of Permian 
period. These arthropods were believed to 
crawl in the ocean substratum and were 
able to swim up to certain height. Nothing 
is known about their feeding mechanism 
and other behaviours. The trilobites were 
distributed throughout the world. 

Structure 

The size varied from 8 mm of the fossils 
(Agnostus) to 75 cm ( Uralichas ). The body of 
trilobite was dorso-ventrally flattened and 
the most distinguishing feature was that 
two longitudinal lines divided the body 
into three lobes — median or axial part in the 
middle and two lateral or pleural parts on 
the sides (Fig. 16.32). Such divisions have 
given this group the name, trilobita. Like 
other arthropods, the body of trilobite was 
divisible into three parts- — head or cephalon 
or prosoma , thorax and abdomen or pygidium . 
The thorax and abdomen together consti- 
tuted what is known as opisthosoma. The 
entire exoskeleton was calcareous. 

The exoskeleton which enclosed the head 
region is called cephalic shield or carapace. 
The region of carapace enclosing the axial 
part is called glabella and which shields the 
pleural parts is known as cheek or genae. 
The segments of the head region were dis- 
tinctly recognisable from the impressions 
of transverse furrows on the glabella. The 
last cephalic segment is called occipital or 
neck ring and the furrow which separates it 
from the thorax is called neck furrow . The 
neck furrow extends within the cheeks of 
both the sides. The furrows are more pro- 
minent in primitive forms than in the 
comparatively recent types. The cheeks 
are divided by a longitudinal facial sutures 
into inner fixed cheeks and outer free cheeks . 
The carapace bends ventrally to form a 
rim called doublure (Fig. 16.33). 


The number of segments in the thoracic 
region varies from 2 ( Agnostus ) to 26 ( Har - 
pes). All the thoracic segments are free. 
The free segments helped the trilobite to 
coil up. In each thoracic segment the axial 
part consists of (a) broad belt-shaped ring, 

( b ) a knotched groove and (r) articular 
portion . The pleural parts of each thoracic 
segment is bent and divided into (a) flat 
internal part and (b) slender external part. 
The bending of the pleural part is called 
falcrum , which may bear a triangular facet 
for articulating with the preceding seg- 
ment. 



Fig. 16.33. Diagrammatic view of different parts 
of a Trilobite. A. Ventral side of head. B. One 
thoracic segment. G. A thoracic appendage (after 
Sedgwick) . 

The number of abdominal segments 
varies from 2-28 and all arc fused. The 
shape of the abdomen is variable in diff- 
erent trilobites. It may be semi-circular, 
triangular or semi-parabolic. ? 

Following structures are seejp in trilobites 
— eye , labrum or hypostome, mafyla, mouth and 
different appendages. j 

Eye. Some trilobites were without eyes 
(Agnostus, Microdiscus ). In certain forms, 
e.g. Trinucleus , eyes arc simple. But in 
mort a pair of compound eyes are placed on 
the free cheeks. In most cases, the eyes are 
sessile but m some immovable stalks are 
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present. But in all the forms eyes are 
placed on palpebral lobes , which are formed 
by the parts of free cheeks. Three types of 
compound eyes are seen in trilobites. 
{a) HolochroaL Lenses are closely approxi- 
mated and are globular or biconvex. The 
cornea extends over the entire surface of 
the eye. ( b ) Prismatic — smooth cuticle 
covers the entire surface of the eye. The 
closely approximated hexagonal lenses are 
prism-like and plano-convex, (c) Schizo - 
chroal . The carapace separates the biconvex 
lenses which are circular in outline. The 
cornea thus does not form a continuous 
covering over the entire eye. The number 
of lenses in the eye may be variable. The 
number of lens increases from young to 
adult but decreases in the old forms. 
Within each eye, the lenses remain 
arranged in alternate rows. 

Lajbrum or Hypostome. These are plates 
which remain attached with the ventral 
doublure. The shape of the plate may be 
either square or oval. In Triarthus > a lower 
lip plate or metastoma is seen to be present 
immediately after the hypostome. 

Macula. These are present behind the 
labrum as a pair of elliptical or oval small 
patches. In many trilobites, the surface of 
the maculae are smooth and glossy and in 
others each macula is surrounded by either 
an elevated border or pits or tubercles. 

Mouth. The mouth is placed close t»> 
the hypostome and where the metastoma 
is present it lies between it and the hypos- 
tome. 

Appendages. The structure of appen- 
dage is well studied in forms like Triarlhrus. 
One pair of appendages are present in each 
segment excepting the anal segment. The 
first pair of appendages which are called 
antenna are uniramous and the rest are bi- 
rarnous. The antennae are placed on the 
sides of the hypostome. Each antenna has 
a single flagellum which is composed of 
numerous conical joints. Each thoracic 
appendage consists of a small coxa having 
inwardly directed cylindrical prolongations 
which form gnaihobases or endites . Both the 
exo- and endopodites are of same sizes but 
structures are different. The exopod ite has 
a long proximal joint with serrated edge 
and a distal part of len or more joints 
which have lining of setae along the pos- 
terior border. The six-jointed endopodite 
gradually tapers at die end. 


The abdominal appendages are of two 
types: (a) In the anterior part of the body 
appendages resemble thoracic legs and 
( b ) In the posterior part of the appendages 
are provided with broad and flat endo- 
podites. 

Development 

The development is known only in 
few instances. The earliest developmental 
stage of trilobite is known as protaspis. It 
has a length of 0*4 mm to 1 mm. The 
shape of protaspis is circular or oval. The 
ccphalon is large with five distinct segments 
in its axial part. The abdomen is small. 

From the examination of fossils of diff- 
erent stages, it has been assumed that 
development of trilobite (Fig. 16.34) from 
protaspis stage passed through following 
changes: (i) Modifications in the shape and 
size of glabella, (ii) Number and depth of 
the furrows in glabella increased, (Hi) Free 
cheeks grew in size, (iv) Facial suture and 
eyes moved inwards, (v) Number of tho- 
racic segments increased, (vi) Size of the 
head decreased. 

Affinity 

The trilobites are the oldest of all 
arthropods and bear a number of pri- 
mitive characters — 1. Presence of innu- 
merable number of thoracic and abdo- 
minal segments. 2. Arrangement and 
nature of appendages. 3. Head region to- 
gether with its appendages is unspecialised. 
Two other gr oups of arthropods — Xipho- 
sura and Crustacea are believed to have 
some relationship with the trilobites. 

Affinities with Xipfiosura 

The Xiphosura are cheliccrates which 
include the limulus. Following features are 
common in both trilobites and Xiphosura: 

(i) Body is divided into three lobes. 

(ii) Ceplialothorax bears lateral eyes. ( iii ) 
Appendages are biramous. (iv) Presence of 
lateral spine in the pleura, (v) Larval stage 
of Limulus resembles the appearance of 
trilobite and is known as trilobite stage . 
In spite of these resemblances there are 
certain points of dissimilarity which speak 
against such affinity (ij Presence of an- 
tenna in trilobite. (ii) Presence of five pairs 
of cephalic appendages in trilobite. (iii) 
Thoracic and abdominal appendages are 
biramous in trilobite. (iv) Presence of 
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Fig. 16.34. Life history of a Trilobitc, based on the fossils at different stages of development. 
A. Protaspis stage. B-F. Successive stages of development, g. Adult (after Sedgwick). 


labruin or hypostome in trilobite. (v) No 
genital operculum is present in trilobite! 
(vi) Protaspis larva of trilobite has no 
semblance with the Limulus larva. 

Affinities with Crustacea 

The affinities with Crustacea are claimed 
because a few groups of Crustacea like 
Phyllopoda, Leptostraca, Isopoda were 
present in the fossil beds where the trilobites 
were found. 

Relationship with phyllopoda. This 
group includes crustaceans like Triops 
( Apus ) and Brancbipus . The trilobites re- 
semble these forms on following features. 
(i) Presence of several variable trunk seg- 
ments. (ii) Presence of a prominent lab- 
rum. (tii) Presence of gnathobaSses or 
endites on thoracic appendages. ( iv ) Pre- 
sence of a single pair of antennae resembles 
certain kinds of Triops , where second pair 
of antennae are rudimentary. But the 
trilobites differ from the phyllopods in 
having (i) Less specialised cephalic 
appendages, (ii) All appendages, excepting 
antennae are biramous. (in) Eyes are 
present on free cheeks, (iv) Abdominal 
segments are fused, (v) All abdominal seg- 


ments bear appendages, (vi) Body is 
distinctly divided into axial and pleural 
lobes. 

Relationship with leptostraca. This 
group includes forms like Nebalia , Parane- 
balia. Trilobites resemble these crusta- 
ceans in following features: (i) Segments 
are of same number (specially a trilobite, 
called Holtnia resembles the Nebalia. (ii) 
Less specialised nature of maxillae and 
mandibles. (Hi) Structure of thoracic legs 
resemble the Paranebalia in having long 
exo- and endopodites. 

Relationship with isopods. The trilo- 
bites resemble these groups of crusta- 
ceans in following features: (i) Body in 
both is dorso-ventrally flattened, (ii) Body 
is divided into three regions — head, thorax 
and abdomen, (iii) Eyes are sessile. In 
spite of these similarities, tike structure 
of thoracic segments and construction of 
appendages differ markedly in the two 
groups. 

It is evident that the primitive features 
of trilobites are not seen in Xiphosura and 
Crustacea. For this reason, the trilobites 
are regarded as a completely separate 
group. But fossil evidences indicate that 
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some Phyllopod crustaceans occurred at are fused with labium-like structure and 
the same time when trilobitcs flourished. consisting of two segmented palp and mas- 
Structural resemblances with the phyllo- sive coxae. The basal pieces or coxae of the 
pods also speak about the existehce of second maxilla unite with its fellow from 
ancestral connections. 


Example of the Phylum Arthropoda — 

SCOLOPENDRA 

Habit and Habitat 

The common Indian Scolopendra is 
scientifically known as Scolopendra arnazoni- 
ca . The other Indian species are Scolo- 
pendra morsitans, Scolopendra valida, Scolo- 
pendra hardwickei , Scolopendra mazbii and 
Scolopendra subspinipes. These elongated 
animals are photonegative and live in 
darkness. Specially the burrows, crevices, 
logs of wood and fallenleaves are its favou- 
rite abode. It is a swiftly moving animal 
and prefers to stay in damp places. Scolo- 
pendra cannot stand temperature over 
40° G. 

External structures 

The elongated and dorso-ventrally flat- 
tened body is clearly divisible into a small 
head and a long trunk (Fig. 16.35). The 
body is covered by cuticular coating which 
is frequently shed off. These exoskclctal 
coverings are comprised of numerous plates 
having varied appearances. These are 
known as sclerites . The arthroidal membranes 
connect these sclerites and allow limited 
free movement. The dorsal part is deep 
red and the ventral portion is yellowish in 
colour. 

Head. The head may be separated into 
cephalic capsule , cephalic lobes and cephalic 
appendages (Fig. 16.35). The cephalic cap- 
sule is enclosed dorsally by a cephalic plate 
and by several sclerites in ventral, lateral 
and anterior sides. It looks more or less 
circular from the dorsal side and triangular 
ventrally. Anteriorly, the capsule of the 
head bears a pair of antennae which are 
many-jointed and set apart. Immediately 
behind antennae, on each antero-dorsal 
side two pairs of simple eyes are present. 
The cephalic or head lobe is divisible into 
labrum and hypopharynx . These two, toge- 
ther with following appendages constitute 
the mouth parts (Fig lo.36) : (t) a pair of 
horizontally placed mandibles with five teeth 
and bristles at their free end and (ii) two 
pairs of maxillae . The small first maxillae 



Pig. 16.35, External features of Scolopendra. 
A. Dorsal view. B. Ventral View. 


the corresponding side to constitute lower 
lip. The remaining part of the second 
maxilla forms a three-jointed leg-like palp 
with claw at the terminal end. 

In addition to these appendages maxilli- 
peds of first trunk segment work as mouth 
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part. It is to be noted that the head of 
embryonic scolopendra is metamerically 
segmented, which fuse in the adult. 

Trunk. The trunk is divided into 
twenty-four identical segments. The first 
abdominal segment is closely apposed with 
head and bears a pair of appendages called 
maxillipeds or poison claws or toxicog- 
naths. Each maxilliped is made up of five 
pieces of which the terminal one bears a 
sharp claw through which opens the poison 
gland. The next twenty-one segments 
(2nd-22nd) bear in each a pair of legs. 
Each leg is seven jointed (though five are 
distinctly visible) and terminated with a 
claw having two ventral spines. The logs 


Integumentary system 

T he integument is composed of (1) two- 
layered cuticle , (2) monolayered hypodermis 
and (3) non-cellular basement membrane. 
The absence of waxy coating over the cuti- 
cle causes rapid loss of water in Scolo- 
pendra. For this reason, these animals 
prefer to stay in damp places and drink 
water regularly. Both unicellular and 
multicellular glands are seen to be asso- 
ciated with the integument. The unicellu- 
lar integumentary gland cells are scattered 
in the hypodermis and they produce a 
lipoid material to cover the external part. 
The poison gland in the maxilliped is a kind 
of unicellular gland. Here the cylindrical 



gradually increase in size from anterior to 
posterior. The pair of legs in the 22nd 
segment which is called anal leg are longer 
than the remaining legs. In malc», this 
difference is well marked. The body is 
terminated by a piece which is not 
regarded as true segment. It is known as 
telson and it bears an aperture, the anus. 
Irt between 22nd segment and telson, 
the 23rd and 24th segments have taken 
part in the making of external genitalia. 
In males, the genital segment is provided 
with a pair of projections known as genital 
styles. 


sac-like body of the gland is lined by 
numerous unicellular glands. (Fig. 16.37). 
These glands produce a yellowish, acidic 
fluid, which ultimately passes through a 
highly cuticularised duct to fopen in the 
centre of maxilliped claw. The secretion of 
poison gland is believed to' have three 
functions — offensive, digestive and parti- 
ally lubricating. 

Following multicellular glands are seen 
in scolopendra: 

A. Glands opening in the head 
region. The glands mentioned below are 
primarily concerned with digestion. These 
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are called salivary glands. Their products 
are also believed to be used as cleansing 
fluid, and act as fungicide. 

(1) Epipharyngeal glands. These 
glands are two pairs and are placed be- 
neath the brain. Anterior pair is larger and 



Fig. 16.37. A. Poison gland ol Scolopendra with 
poison claw. B. Histological structure of poison 
gland (Diagrammatic) (after Jangi). 


communicates laterally with each other. 
The outlets of their duets are placed in 
epipharyngeal surface. 

(2) Labial glands. These are seen as a 
pair of prominent lobular glands in the 
space between fifth and seventh segments. 
Their products are collected by numerous 
small ducts, which in turn unite to form a 
common duct and extend anteriorly along 
the alimentary tube. It finally opens to the 
exterior through the ventral surface of the 
head and between the hypopharynx and 
labium. 

(3) Maxillary glands. One pair of 
these glands are present In the third and 
fourth segments. These glands, excepting 
their sizes, closely resemble the labial 
glands. Their ducts open near the second 
maxillae at the ventral side of head region. 


B. Glands opening in the trunk 
region. Exact functions of these glands 
mentioned below are not known: 

(1) Coxal gland. One pair of this 
gland begins from second pedal segment 
and extends up to fourth pedal segment. 
Jt is highly vesicular and each vesicle has 
its own duct. All the ducts unite to form a 
common duct which opens through the 
ventral side of the first leg bearing segment. 

(2) Coxopleural glands. Last pedal 
segment bears numerous ilask-shaped 
coxopleural glands. Each gland has a 
separate duct which opens to the exterior 
on the coxopleural plates. 

Locomotion 

Legs in scolopendra are meant for carry- 
ing the weight of the body and at the same 
time to provide the necessary force to 
bring change of position. Powerful muscles 
and stiff integument render the operation 
of leg feasible. During locomotion when 
legs of one side are lifted from the ground 
the opposite row touches it. In the 
same row, a leg rests on the ground imme- 
diately when the preceding leg is lifted. 
This results into a harmonious operation 
of legs and allows the animal to move for- 
ward in zigzag fashion. 

Digestive system 

The digestive or alimentary system in- 
cludes alimentary canal and digestive glands 
• Fig. 16.38). 'Fixe alimentary canal is divi- 
sible into three parts —fare gut , mid gut and 
hind gut. In front of the fore gut there is 
another chamber called pre-oral cavity 
which hides the mouth. The fore and hind 
guts have cuticuiar lining but mid gut is 
devoid of it. The lore gut is the longest 
part and extends up to 13th leg-bearing 
segment. It opens through mouth which re- 
mains at the anterior end and is practically 
concealed by the. appendages. The mouth 
part is formed in such a way that it is for- 

ardly directed and the parts cover each 
other from behind forwards. For this rea- 
son the head of Scolopendra is called prog- 
nathus type. The remaining part of the 
fore gut consists of pharynx , oesophagus , crop 
and proventriculus . The pharynx is a broad 
chamber with strong rhuscular wall. In. 
transverse section it appears ‘IT-shaped. 
It leads into the oesophagus which is a short 
tube and passes to an elongated thin-walled 
crop . The canal again becomes narrow and 
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enters within a swollen proventriculus . The 
proventriculus opens in the mid gut which 
runs from 13th -19th trunk segment. The 
first part of the hind gut which receives 
mid gut is broad and a pair of long Malpi- 
ghian tubules open near its beginning. 
The last part is narrow and finally com- 
municates to the exterior through anus . 

The glands opening in the head, i.e. epi- 
pharyngeal, labial and maxillary are the 
principal digestive glands of Scolopendra. 
They are collectively called salivary 
glands. The lining of the mid gut contains 
special types of epithelial cells which also 
liberate digestive enzymes. The Scolopen- 
dra is omnivorous. It preys on small insects, 
spiders and even the members of its own 
group. The mouth parts help in food get- 
ting. It also drinks water regularly to pre- 
vent the water loss. When hungry, the 
scolopendra is ferocious, but after a full 
meal it becomes sluggish and docile. 

Respiratory system 

Nine pairs of triradiate slit-like spiracles 
are present on the posterior and dorso- 
lateral sides of the 3rd, 5th, 8th, 12th, 
14th, 16th, 18th and 20th pedal segments. 
Each spiracle leads into trachea , which 
has spiral fibres. The tracheae branch ex- 
tensively and anastomose within the diff- 
erent parts of the body. When at rest the 
spiracular muscles cause respiratory move- 
ments, but during locomotion this job is 
also carried by other body muscles. 

Circulatory system 

This system includes a circulating fluid, 
called blood , which flows through blood 
vessels and blood sinuses. The blood of 
Scolopendra is a light-yellowish fluid, in 
which are suspended a few corpuscles 
called haemocytes. The corpuscles arc either 
oval or spherical or spindle*shaped and 
are phagocytic in nature. T^he blood of 
Scolopendra performs the fallowing ser- 
vices — (1) transport of food [matters, (2) 
carrying of waste materials, (?3) convey of 
pressure from one end to the other and 
(4) reservoir of water. ; 

The blood vessels include (1) dorsal 
vessel or heart and (2) ventral or supraneural 
vessel. The heart is an elongated muscular 
tube having no epithelial lining. It extends 
from 2nd to 2 1st leg-bearing segments 
and in the 21st segment it has become 
abruptly slender. The major portion of the 
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heart (3rd to 21st segments) remains within 
a thin cardiac diaphragm . The wall of the 
diaphragm is composed of two non-cellular 
membranes with pericardial tissue in bet- 
ween. In each segment the diaphragm is 
drawn into two points, with which it re- 
mains connected with the tergum of the 
segment. The diaphragm is provided with 
a special kind of fan-shaped muscle, called 
allary muscles. In each* segment the heart 
communicates with the pericardial cavity 
by a pair of ostia and sends a pair of bran- 
ches. The ventral or supraneurai vessel also 
begins from second leg- bearing segment 
and extends up to the last segment. It 
runs immediately above the central nerve 
cord. The dorsal and ventral vessels at 
their anterior ends are connected by a 
ring-like circum-slomodacal vessel which an- 
teriorly sends four cephalic vessels — one 
dorsal , one ventral and two laterals. These 
vessels supply blood to the different parts 
of the anterior region — maxillipeds, mus- 
cles, antennae, br.im and pharynx. There 
are numerous small sinuses which collect 
and drain blood within two large sinuses. 
One such sinus is called dorsal sinus and 
the other is known as perivisceral sinus. The 
dorsal sinus is present on the dorsal side 
between cardiac diaphragm and body 
wall. The dorsal sinus communicates with 
the ventral part of the body through the 
gaps of the diaphragm. The perivisceral 
sinus is a space around the gut which is 
enclosed within a perforated membrane. 

The heart, contracts (systole) and re- 
laxes (diastole) rythmically and provides 
the force to drive the blood. At the time of 
diastole, heart receives blood from dorsal 
sinus through ostia. The systole appears 
as a wave- like contraction from the pos- 
terior to the anterior end and drives the 
blood to the various parts of the body 
through different vessels. The blood after 
flowing through smaller sinuses is collect- 
ed within the dorsal sinus and again re- 
turns to the heart. 

Excretory system 

The excretory organs are known as 
Malpighian tubules. Two such tubules ori- 
ginate from the beginning of hind gut and 
run anteriorly. Each tubule is spirally 
coiled and placed on either side of the ali- 
mentary canal. The tubule has a lining of 
columnar epithelial cells and its lumen 
contains a fluid and floating degenerated 


cells. In addition to Malpighian tubules 
following structures are also known to 
work secondarily as excretory organs: 

A. Lymphatic threads. Present around 
Malpighian tubules and are blue in colour. 

B. Kowalevsky’s corpuscles. Blue 
coloured small structure remains within 
fat body. It can absorb foreign particles 
like bacteria. It is believed that in addition 
to its excretory function it is also respon- 
sible for producing blood cells. 

G. Fat bodies. These structures are 
mainly concerned with storage of reserve 
materials. But they arc also known to have 
some excretory functions. 

Nervous system 

The nervous system consists of central 
nervous system , peripheral nerves and sense- 
organs. The central nervous system is re- 
presented by (a) cerebral ganglia , a pro- 
minent two-lobcd structure in the head, 
( b ) sub oesophageal ganglion on the ventral 
side of the head region, (c) oesophageal com- 
missures r, one from each side of the cerebral 
ganglion and uniting with the suboeso- 
phageal ganglion and (d) ventral nerve cord 
which begins from suboesophageal gang- 
lion and runs posteriorly along the middle 
line. In each segment, there is a ganglion 
on the nerve cord. The ganglia of 1st and 
2nd segments are closely set together and 
the genital ganglion is placed after the last 
segment. 

The cerebral ganglion sends a visceral 
nerve to the alimentary canal. In addition, 
it innervates antennae, eyes and other asso- 
ciated structures in the head. The sub- 
oesophageal ganglion sends nerves to the 
jaws and maxillipedes. The ventral ganglia 
send peripheral nerves to the various 
structures in the corresponding segment. 

The sense organs include (1) sensory hairs 
and (2) spines , which arc scattered all over 
the body. In addition, there are (3) maxil- 
lary organs inside the base of 1st maxilla 
and (4) organs of Tomosvary in the base of 
antenna. The latter is believed to be audi- 
tory in function. But the most important 
sense organs are (5) eyes or sensila optica. 
These are paired and simple in construc- 
tion. 

Reproductive system 

In both the sexes, the gonads are located 
on the mid-dorsal side of the posterior end 
(Fig. 16.39). 
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Fig. 16.39. Reproductive system of Scolopendra. A. Male reproductive system. 11. First three 
pairs of testes (enlarged view). C. Female reproductive system. D. Transverse section of the 
ovary (after Jangi). 


In males, the testes are twenty in number. 
Each testis is spindle-shaped and opens 
within a short vas ejferens. All the vasa effer- 
entia communicate with a centrally placed 
vas deferens . The vas deferens divides into 
two, encircles the gut and again reunites. 
The last part of the duct is coiled and 
opens to the exterior through an aperture 
on the ventral side and just before anus. 
Two pairs of accessory glands are associa- 
ted with the male reproductive system. 
In the last pedal segment the external 
genitalia in male are fused with post- 
genital and anal parts by a membrane. 
The external genitalia are represented by 
an opening called gonopore , a round plate 
called genital sternite with two genital 
appendages. The post-genital part forms 
the ventral side of the copulatory organ. 
The copulatory 7 organ is formed by the 
fusion of two sclerites and receives gono- 
pore and the ducts of accessory glands. 

In females, the ovary is a solitary tubular 
structure and extends along the mid-dorsal 
line over the alimentary canal. Like the vas 
deferens, the oviduct also divides and re- 
unites. The last part of the oviduct possesses 
a pair of receptacida seminalis and two pairs 
of accessory glands. Female genitalia con- 


sist of two parts genital and anal. The 
oviducts open within genital atrium which is 
placed inside the body and covered by 
genital sternites. 

During reproduction, the males release 
sperm cells in packets which are called 
speriuatophorcs. Blit the mechanism of 
their transfer within female is not known. 
The ovum is covered by a chorion and 
contains scattered yolk granules. 

The fertilization and part of the deve- 
lopment are internal. At a time a female 
Scolopendra lays 15 33 eggs and burrows 
them in the earth 3- 8 cm deep. Each egg is 
nearly 3 mm in length and the entire clutch 
remains enveloped in a fluid; medium. 

Example of the Phylum A^rthropoda — 

Millipedes 

Habit and Habitat 

Altogether 92 genera and 290 species of 
millipedes have been recorded in India, 
the most well-known millipede belongs 
to the genus Thyropygus. Ten species of 
Thyropygus are known and they range from 
southernmost part of India to the high 
altitudes of the Himalayas. During rainy 
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season Thyropygus lives in moist soil and 
during drought it lives within burrows 
under the upper layers of the soil. They 
love to stay in calcareous soil and have 
special attraction for sugar and manure. 
The secretion of stink gland from some 
large millipedes may produce wound on 
the human skin. The species described 
here is known as Thyropygus poseidon. 

External structures 

An adult Thyropygus may be of 6 to 7 
cm in length and 7-8 mm in breadth. The 
body is dark-brown in colour with red 
patches in the mid-dorsal region. The 
body is divisible into (1) a small head and 
(2) extended trunk (Fig. 16.40). 

1. Head. The head is curved antero- 
vcntrally and has powerful exoskeletal 


thickenings on its anterior, dorsal and late- 
ral walls. The tergite of the first segment 
is called collum which fully covers the head 
anteriorly, dorsally and laterally to form a 
head capsule (Fig. 16.40). Posteriorly the 
head capsule remains in contact with the 
tergite of second segment and vcntrally 
with a plate-like gnathochillarium (Fig. 
16.41B). The head capsule is constituted 
anteriorly by a median frons, a pair of 
clypeo- lateral lobes. Each lobe is formed of a 
clypeus and labrum. The bibrum is broad, 
freely movable and united with the ventral 
side of the clypeus. On the ventral side 
labrum constitutes a sinus. The clypeola- 
bral lobe extends to form a concave 
epipharyngeal surface in the preoral cavity 
and sets freely on the anterior margin of 
the mandibles. The ventral gnathochilla- 
rium is made up of fused maxillae and is 





Fig. 16.40. External features of the millipede, Thyropygus. A. Lateral side of the head (magnified) 
B. lateral side of the posterior end (magnified). G. Frontal view of the head (magnified). D. Leg 
from one of the anterior five segments. E. Leg from one of the last five segments (after Krishnan), 

24 ^ol. i, 76] 



370 


BIOLOGY OF ANIMALS 


divisible into following parts: (1) Premen - 
turn — median, triangular plate, (2) Menium 
and (3) Submenium — slender and elongated 
plates present posterior to premen turn, 
(4) Stipes — one pair, one on each lateral 
and anterior side of prementum. Each 
stipe bears posteriorly a small cardo and 
anteriorly a pair of palps called mcilagna- 
thochillaria carrying sensory organs called 
basiconic sensillae 9 (5) Lingua — Present in 
between the apex of prementum and stipes. 
On each side another triangular plate 
called lingua is present with lingual lobe. 

Head bears following structures : 

A. Eye. Paired eyes occur one on each 
side of the frons. The middle of each eye 
is raised to a point. Each eye is an aggre- 
gation of simple eyes and is provided with 
skeletal ocular ridges . 

B. Organ of Tomosvary. Paired sen- 
sory organs, present one on each side and 
slightly ventral to the eye. 

G. Antenna. Paired antennae, origi- 
nate one from each anterior side of the 
head. Each antenna is seven- segmented 
and placed within membranous antennal 
socket. 

2. Trunk. The trunk contains nearly 
47-48 segments. All the segments are 
doubled and such possession of diploscg- 
ments is regarded as the characteristic fea- 
ture of millipedes. Each segment has both 
exoskeletal and endoskeletal coverings. 
The cuticle in each segment is completely 
ring-like. The segments are attached 
with one another by a thin membrane. 
The terminal segment or anal segment or 
telson is more or less triangular arid bears a 
short upwardly directed curved tail. The 
trunk region contains following structures : 

a. Legs. The first five segments superfi- 
cially appear to be single and carry only 
one pair of legs in each segment, while 
remaining segments have two pairs of legs 
in each of them. Each leg has following 
parts — coxa, prefemur, femur, post femur, 
tibia, tarsus, pretarsus and a terminal 
claw (Fig. 16.40D, E). In males, the legs of 
the seventh trunk segment are modified 
as intromittent organs and known as gono- 
pods (Fig. 16.41 G). 

B. Stink gland. The paired openings of 
the stink gland are present on the dorso- 
lateral side of each trunk segment, except- 
ing first five and last few segments. Inside 
the body cavity, each stink gland is 


globular and sac-shaped. It has a long 
neck called ejaculatory duct which posses- 
ses a cuticular tongue near its opening. 

The ejaculatory duct and the tongue are 
provided with muscles and nerves. The 
secretion generally oozes out through the 
opening but may also be darted as a jet. 



Pig. 16.41. Mandible (A), Gnathochillarium (B) 
and Gonopods (C) of Thyroftygiis (after Krishrian). 


c. Stigmata. These minute opening are 
present vcntro-laterally on each segment. 
The first three segments bear one pair of 
stigmata while the remaining segments 
have two pairs in each of them. These 
openings communicate with the inner 
tracheal pockets or pouches. 

D. Anus. It is the posteriorrriost terminal 
opening of the alimentary canal and pre- 
sent in the last segment an<| directed ven- 
trally. Various structures Which are pre- 
sent inside the trunk segments are shown 
in the figure. 

Integumentary system 

The integument is represented by an 
outer cuticle and inner epidermis (Fig. 
16.42). During summer cuticle may be 
distinctly separated into epicuticle and pro- 
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Fig. 16.42. A. Transverse section of the integument of Thyropygus. B. Transverse section of 
Thyropygus through the mid-gut region (after Krishnan;. 


cuticle , but in rainy season epicuticle dis- 
appears. The procuticle is again divided 
into a thin homogeneous outer exocuticle 
and thick, lamellated inner endocuticle . The 
epidermis includes one layer of large cells 
on a sheath of basement membrane. The 
epidermal cells perform three important 
functions — ( 1) secrete a juice which digests 
the old cuticle, (2) produce the cuticle and 
(3) release certain substances which stiffen 
the cuticle. Number of unicellular and 
multicellular glands are present in the 
epidermis. Each gland has a duct of its 
own, which traverses through the cuticle 


and opens to the exterior through minute 
apertures. 

Digestive system 

The alimentary system includes (A) Ali- 
mentary canal and (B) Digestive glands (Fig. 
16.43). 

A. Alimentary canal. It is more or 
less a straight tube which is divisible into 
three parts: (1) Fare gut, (2) Mid gut and 
(3) Hind gut. The fore and hind guts have 
inner cuticular lining. 

1. Fore gut. It includes (a) mouth , (b) 
mouth cavity and (c) oesophagus . 
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Fig. 16.43. A. Alimentary system and associated structures of Thyropygus (only the proximal part 
of the Malpighian tubule is shown). B. T.S. of the wall of oesophagus. C. T.S. of the wall of 
the fore gut (posterior end). D. T.S. of the wall of the mid gut. E. T.S. of the wall of the hind 
gut (after Krishnan). 
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(a) Mouth. This crcscent-shaped ope- 
ning is present at the ventral side of the 
head region and betweenepicranium and 
gnathochillarium. It leads into mouth or 
oral cavity. 

(i b ) Mouth cavity. The anterior end 
of the cavity is formed by the inner side of 
the epicranium and the posterior side by 
gnathochillarium. Mandibles with teeth 
and bristles bound its lateral sides (Fig. 
16.41 A). The cavity is divided into two 
chambers by the projection of the hypo- 
pharynx. The mouth cavity opens within 
the next part of the canal called oeso- 
phagus. 

(( c ) Oesophagus. This short tube, imme- 
diately after originating from the mouth 
cavity runs dorsally, then takes a turn to 
the posterior direction and passes ventral 
to the brain. It continues up to seventh or 
eighth segment. The inner wall of the oeso- 
phagus is folded to form villus-like struc- 
ture like the small intestine of higher ani- 
mals. These projections are more extensive 
in the anterior part. The inner cuticular 
lining is also much thicker at the anterior 
part but at the posterior region nume- 
rous spiny processes are present. Beneath 
the inner cuticular lining lies a layer of 
columnar epithelial cells. This is covered 
by distinct layers of circular and longi- 
tudinal muscles, which in turn arc en- 
closed within a peritoneal membrane. The 
longitudinal muscles are broad and placed 
apart from one another. This gives the 
characteristic appearance of the fore gut. 

2. Mid gut. It runs up to thirty to thirty- 
two segments. The terminal part of the 
mid gut is marked by a swelling of fatty 
tissue, from where originates the paired 
Malpighian tubules. Following are the 
characteristics of the mid gut region : 

(a) It is wider but thin- walled. 

(b) Longitudinal muscular bands are 
narrow. 

(<?) Circular muscle layer is thinner. 

(d) Presence of a fatty tissue beneath the 
peritoneal lining. 

(e) Inner cuticular lining is absent. 

(/) Epithelial cells are of various shapes 
and have an inner striated border. 

( g ) Epithelial cells are secretory and 
absorptive in function. 

3. Hind gut . This is the last part of the 
alimentary canal which terminates in an 


aperture called anus. The first part of the 
hind gut is of same thickness as the mid 
gut, but after a couple of segments, it be- 
comes wider. The beginning of this wider 
region is marked by a constriction. The 
posterior part is again narrow and has 
thick muscles in the wall. The hind gut 
has the following features: 

(a) Circular muscles are well-developed 
specially at the posterior part. 

(b) The wall of the hind gut is internally 
projected into folds. 

(c) Epithelial cells are cubical and have 
no striated border. 

(d) Inner cuticular lining is of much 
lesser thickness than the fore gut. 

Digestive glands. Most important 

gland for digestion is the salivary gland 
a .ri^rn 



Fig. 16.44. A. Salivary gland *with duct of 
Thyrnpygus. B. Stink or Rcpug^atoriaL gland 
of Thyropygus (after Krishnan).? 

are present in the dorsal side of the oeso- 
phageal region. From each salivary gland, 
minute tubules drain into a salivary duct. 
The first part of the duct is sac-like and 
acts as reservoir. Tt continues as slender 
much coiled duct which runs anteriorly to 
open within the mouth cavity near the 
inner side of gnathochillarium. The details 
about the nature of enzymes in the saliva 
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are not known but the products are obvi- 
ously digestive in function. 

In addition to salivary gland, the lining 
of mid gut contains secretory cells which 
also produce digestive juices. 

Mechanism of feeding and digestion. 
The food includes soft parts of plants or 
decaying animals. It likes calcium contain- 
ing leaves and prefers glucose and sucrose 
more than starch. The mid gut is the 
region where digestion and absorption 
take place. The lining of the hind gut 
absorbs water from the residual food. 

Circulatory system 

The circulatory system includes (a) hearty 
( b ) blood vessels and (c) blood. 

A. Heart. The heart is an elongated 
tubular organ which begins from the first 
segment and continues up to anal segment. 
It is present along the mid-dorsal line of 
the body cavity and is placed above the 
alimentary cam L It is enclosed within a 
pericardial membrane. Heart is constric- 
ted into a number of chambers, each seg- 
ment having one. In between the two 
chambers there is a pair of lateral openings 
called ostia through which blood enters 
within the heart. The wall of the heart is 
provided with muscles for both contraction 
and relaxation. 

B. Blood vessels. In each segment 
heart sends a pair of lateral arteries each of 
which bifurcates and each branch passes 
around the gut to open within a median 
ventral artery called supraspinal blood vessel. 
Before opening into the latter, the lateral 
artery sends a complex of lateral vessels to 
supply blood to the different parts of the 
segments. Anteriorly the first chamber of 
the heart continues as a median cephalic 
artery. The cephalic artery sends two pairs 
of lateral vessels which after sending 
branches to the parts around the mouth 
cavity finally open within the supraspinal 
vessel. The cephalic artery finally breaks 
into a number of branches to supply brain 
and other structures in the head region. 
The ventral supraspinal vessel also sends 
number of segmental branches to vascula- 
rise the different parts of the body. The 
blood flows anteriorly through the heart 
and posteriorly through supraspinal vessel. 
Blood from arteries finally enters within 
the haemocoelomic space and bathes the 
tissues. From these tissue spaces blood 
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returns through lacunae and enters within 
the heart through ostia. 

G. Blood. Blood contains a liquid part 
plasma and three types of floating corpus- 
cles or haemocytes. Various substances like 
protein, fat, sugars, free amino-acids, etc., 
are found in the plasma. Most common 
types of haemocytes are small in size but 
tliey possess large nuclei. The other type 
of haemocyte is large, oval, with distinct 
nucleus and granulated cytoplasm. The 
third category of haemocytes is spindle- 
shaped. Blood in millipedes is not involved 
in transport of respiratory gases. It is concer- 
ned with food storage, wound repair, defe- 
nce against foreign bodies and excretion. 

Respiratory system 

Respiratory organs are in the form of 
tracheae (Fig. 16.45). In Thyropygus , the 



Fig. 16.45. Arrangement of tracheae at the 
anterior end of Thyropygus (after Krishnan). 
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tracheae are unbranched. A major tracheal 
trunk includes a large number of smaller 
tracheal tubes and each trachea is made 
up of several tracheolcs. The trachea has 
cuticular lining but the spiral thickening 
is not distinctly visible. The tracheae com- 
municate with the exterior through minute 
valve-fitted apertures called stigmata. 
Each segment bears two pairs of stigmata, 
excepting the first three which possess 
one pair per segment. Each stigmata 
leads into a tracheal pouch formed by 
epidermal invagination. From each tra- 
cheal pouch, three sets of tubes originate, 
(a) transverse bundle directed ventrally 
between the opposite pouches, ( b ) one 
lateral tube on each side running dorso- 
laterally to supply finer tubes to the 
different parts of the corresponding seg- 
ment, (c) a pack of tubes which join with a 
common ventral tracheal trunk. The two 
ventral tracheal trunks run along the entire 
length of the body and break up into finer 
vessels to supply the head region. Finer 
tracheolar tubules are immersed in haemo- 
lymph and open directly within the tissue. 
Same set of vessels convey both oxygen 
and carbon dioxide. 


Excretory system 

The cuticle and Malpighian tubules 
(Fig. 16.46) are regarded as the organs for 
removing metabolic wastes. The waste pro- 
ducts like uric acid are deposited in the 
cuticle and arc shed at the time of moulting. 
Malpighian tubules are two in number, 
originating from the ventro- lateral side of 
the mid gut near its junction with hind 
gut. The region of origin is surrounded by 
a ring of fat tissue. Each tubule, immedia- 
tely after its origin, is directed posteriorly 
and then it takes a turn to run anteriorly 
up to the <*ophagus. From there the 
tubule bends posteriorly and comes up to 
the rectum. It then again turns upward 
and ends blindly. The tubule is convoluted 
and capable of various movements. It 
remains immersed within haemolymph 
from where it collects excretory products 
in the form of uric acid and ammonia. 
The waste products are deposited inside the 
alimentary canal and are ejected with the 
faeces. The transverse section of the tubule 
shows following structures from outside to 
inside — (i) outer peritoneal layer with nume- 
rous externally placed tracheal tubule, 
(u) muscular layer with striated fibres, 


(iii) a layer of large cubical cells having 
striations at the inner border. 



Fig. 16.46. A. Malpighian tubules of Thy ropy gw. 
B. Transverse section of a Malpighian tubule 
(after Krishnan). 


Nervous system 

The nervous system includes (a) Central 
nervous system , ( b ) Peripheral nervous system, 
(c) Sympathetic nervous system and ( d ) Sense 
organs. 

A. Central nervous system. It con- 
sists of ( 1 ) a large supra-oesophageal ganglion 
or brain , (2) paired circiim oesophageal 
commissures , (3) paired sub-oisophageal gang- 
lion and (4) elongated venlral nerve cord 
(Fig. 16.47). 

1. Supra-oesophageal ganglion. 
Though it appeals to be a single large 
ganglion, yet it is formed by the fusion of 
several ganglia. It may be distinctly divid- 
ed into three regions, protocerebrum , deuto - 
cerebrum and tritocerebrum. The protocere- 
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brum contains two frontal and two lateral 
lobes . The deutocerebrum has a pair of 
antennal lobes , and tritocerebrum includes 
two lateral lobes. 

2 . ClRCUM-OESOPHAGEA L COMMISSURES. 
From each lateral side of the supra-oeso- 
phageal ganglion a stout oesophageal 
commissure runs ventrally to unite with 
the sub-oesophageal ganglion. 

3. Sub-oesophageal ganglion. Paired 
sub-oesophageal ganglia appear to be 
single and the ganglionic swelling is not 
very prominent. It is connected posteriorly 
to the ventral nerve cord. 


pairs of nerves. In each side one nerve 
goes to the corresponding leg and other 
nerve sends branches to the muscles, tra- 
chea, stigmata and wall of the heart in the 
same segment. 

G. Sympathetic nervous system. It is 
represented by one unpaired and one 
paired nerve cords. All of them origi- 
nate from the brain and run posteriorly, 
in the paired nerves swollen ganglia are 
formed. 

D. Sense organ. Following sense organs 
are seen in Thyropygus — ( 1 ) Antennal sense 
organs , (2) Gnathochillarium , (3) Organs of 
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Fig. 16.47. Nervous system of Thyropygus- - anterior part. 


4. Ventral nerve cord. The dorso- 
ventrally flattened ventral nerve cord is 
formed by two separate cords which are 
completely fused to be one. It runs pos- 
teriorly along the mid-ventral line. In 
each segment it sends two pairs of peri- 
pheral nerves but does not possess 
segmental ganglion. 

B. Peripheral nervous system. Num- 
ber of peripheral nerves are given off from 
the central nervous system to the different 
parts of the body. The optic nerves 
and nerves to the organ of Tomosvary 
arise from the lateral lobes of the proto- 
cerebrum. The nerves Jo the antenna 
originate from antennal lobes of deuto- 
cerebrum. The brain also sends nerves to 
the gnathochillarium and mandibles. In 
each segment ventral nerve cord sends two 


7 omosvmy, (4) Hydroreceptor organs and (5) 
Eyes. 

1 . Antennal sense organs. Short, seven-seg- 
mented antennae bear three types of 
sense organs (Fig. 16.46A, B): (a) sen- 
sory bristles, (b) cone sensillae and ( c ) peg 
organs. 

(a) Sensory brist i.es. These bristles are 
altered all over the antenna and contain 
sensory cells at their bases. 

(/>) Gone sexsilla. The two terminal 
segments of each antenna are transformed 
into conical structures containing sensory 
cells. These arc called cofte sensillae and 
they act both as chemorcceptor and taste 
organs. 

(c) Peg organ. The last segment bears 
liook-like structures called peg organ % 
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They also work as chemoreceptor and 
taste organ. 

2. Gnathochillarium. Numerous sensory 
structures called basiconic sensillae are pre- 
sent over the distal end of the gnatho- 
chillarium . These are also gustatory in 
function. They may also show taste dis- 
crimination. 

3. Organs of Tomosvary. Each of these 
appears as a cuticular depression with the 
lining of sensory cells which receive nerve 
supply from the optic nerve (Fig. 16.48C). 
This organ is believed to be responsible 
for determining vibration and also to 
react properly to the gravity. 


5. Eyes . Each eye is made up of several 
simple eyes or ocelli. Each ocellus is form- 
ed by the modification of integument and 
in section it looks like a glass. The sides 
and the floor are made up of single-layer 
sensory epithelial cells. The cells lining the 
floor become pigmented and form retinal 
layer and the cuticles above are modified 
as lens and cornea. 

Reproductive system 

The sexes are separate and the sexual 
differences are noted from the structure of 
legs in the seventh segment of male where 
these legs are modified into intromittent 
organs or go nopods. 
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Fig. 16.48. A. Antenna of Thyropygus . B. Distal segment of the same antenna. 5 C. Organs of 
Tomosvary and D. Hydroreceptor organ of Thyropygus. The hydrurcceptor organ is shown in 
sectional view (after Krishnan). 


4. Hydroreceptor organ . These paired or- 
gans (Fig. 16.48D) are present one on each 
side near the base of gnathochillarium. It is 
responsible for determining the water or 
moisture content of the soil. Structurally it 
resembles the tarsal organ of the spider but 
functionally these two are completely dif- 
ferent. 


Male reproductive system includes testes , 
sperm ducts , penis and gompods . Each testis 
is tubular and extends from second to 
fortieth segment of the body. It is placed 
between the alimentary canal and ventral 
nerve cord. The posteriormost part of the 
testis is tube-like, the middle part is beaded 
and the anterior end is convoluted. At the 
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anteriormost part the two testes are trans- 
versely joined by small tubes. Sperm duct 
originates from each testis at the third seg- 
ment and runs up to the second segment 
and finally communicates ventrally with 
a small penis. The gonopods collect the 
sperms from the sperm duct and at the 
time of copulation sperms are transferred 
to the female genital tract. 

The female reproductive system consists 
of an ovary , a short uterus and paired vulvae. 
The ovary is placed inid-ventrally above 
the nerve cord and is conspicuous only 
during maturity. It contains ovisacs, each 
of which holds a single egg. The ovary 
continues as uterus which in the third 
segment bifurcates into two smaller tubes. 
Each small tube opens externally through 
a vulva which is placed laterally. 

Fertilization and Oviposition 

During copulation sperms are trans- 
ferred by the eonopods of the male within 
the vulvae of the female. The sperms re- 


main viable for a considerable period in the 
vulvae and fertilization takes place at the 
uterus after certain period of copulation. 
Eggs are laid in successive batches. Each 
egg is laid with a spherular wall formed by 
the secretion of the female. Eggs are gene- 
rally laid at night within the chambers of 
burrows specially prepared for the purpose. 

Example of the Phylum Arthropod a — * 

COCKROACH 

The cockroaches belong to the class 
Insecta or Hcxapoda and under the order 
Dictyoptcra. The word cockroach has 
probably originated from the name of a 
Spanish fruit, “cucaracha”, having dis- 
agreeable taste. There arc several types of 
cockroaches. The one which is described 
here is known as Periplaneta americana . The 
word Periplaneta (Peri -about; planetar 
wandering star or planet) indicates the 
world wide distribution of this insect. 
This was possible through its travelling by 
ships The other cockroaches (Fig. 16.49) 



Fig. 16.49* A few types of cockroaches — A. Ectobius pallidas, B. Blatella gmnanica . C. Ectobius 
panzeri . D. Leucophaca madsrae. E. Blabems cranifer . F. Blatta orienlaiis (after Guthrie and. Tindall). 
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are Blatella germanica , Leucophaea maderae , 
Blaberus craniifer, Ectobius pallidus and 
Ectobius panzeri . Different species of cock- 
roaches differ in size and other character- 
istics but all of them exhibit certain com- 
mon features. Well- developed wings are 
present in both sexes. In males, the wings 


External structures. The body is 
dorso-ventrally flattened, elongated and 
reddish-brown in colour. The cockroach 
can easily creep inside the small cracks and 
crevices. The males are usually 35-40 mm 
in length and females are 29-37 mm. 
The body is segmented (Fig. 16.50) and 
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Fig. 16.50. External features of Pcriplaneta americana. A. Dorsal view. The wings are extended 
to show all the segments. B. Ventral view. 


extend beyond the abdomen. In females, 
keel-like ovipositor valves are present. 

Habit and Habitat 

The cockroach, Periplaneta americana , is a 
common nocturnal omnivorous household 
pest which also acts as a scavenger. It 
prefers dark warm corners of kitchens, 
godowns, underground drains and places 
where food and humid atmosphere are 
available. The cockroaches are now distri- 
buted throughout the world. The cockro- 
aches probably originated in Southern 
Asia or Africa and became the dominant 
fossils of the Carboniferous age (some 
aurhors have called it as “The age of 
cockroaches”). Cannibalism is often seen 
amongst cockroaches. The ability to walk 
rapidly and the production of a pungent 
secretion from the abdominal glands are 
regarded as the defensive mechanisms of 
this insect. 


the segments are organised to form three 
distinct specialised parts, each of which is 
called a tagrna. The three tagmata are — 
Head , Thorax and Abdomen. All the three 
tagmata arc enclosed by exoskeletal cover- 
ings. Several structures occur in each 
tagma. 

Head. It is the anteriormost part of the 
body and is more or less triangular in 
shape. It is formed by the fusiorj of six seg- 
ments which have lost theii' external 
demarcations. 'The exoskeletal Covering of 
the head is called the head capiule. It in- 
cludes (1) a pair of epicranial plates or 
occipital sc le rites, covering dorsal and pos- 
terior parts; (2) a single piece formed by 
the fusion of two exoskcletons, frons , 
clypeus and lab rum, lyings in front of head 
and (3) two exoskeletal pieces, the genae, 
cover each side of the head. On each side, 
the gena is separated from the frons by a 
fronto-genal suture and the labrum is attach- 
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ed with the distal border of the clypeus. 
Following structures are present on the 
head region: (a) Eye. One pair of promi- 
nent sessile eyes is present, one on each 
side of the head and the two eyes occupy 
much of the antero-lateral wall. Each eye 
is bean-shaped and compound in nature. 
The external surface is marked with 
several polygonal facets, each of which 
denotes a single visual unit — om.natidium. 
The eyes are larger is males than in 
females. ( b ) Antenna. A pair of thread- 


detecting light. ( d ) Mouth. It is placed 
at the anterior end of the head, It is pro- 
vided with several appendages and other 
associated structures, which are collecti- 
vely known as mouth parts or trophi. 

Mouth parts or trophi. The mouth 
parts (Fig. 16.51) arc composed of paired 
appendages like mandibles , maxillae and the 
labium . The other structures which parti- 
cipate in the formation of mouth parts are 
the hypopharynx and labrum. Each part of 
the trophi is discussed below: 



like elongated antennae is present in the 
antero-inedial indentation of the eyes. 
Each antenna articulates on a ring-like 
scleritc at two points --one, which is rigid 
is known as antennifer and the other is 
flexible, called sur antennifer. The antennae 
can be moved freely in all directions. 
(c) Ocellus. The ocelli are paired cir- 
cular areas one on each side of the eye, 
near the base of the antennae. Each area 
acts as a simple eye and is responsible tor 


Mandibles . These paired appendages are 
present one on each side of the mouth. 
There is a soft cuticular area in the base 
of the mandible called the submolar region . 
The remaining part of the mandible is 
hard. Each mandible bears two surfaces, 
one on each outer basal* angle. These are 
called condyles. One condyle articulates 
with the clypeus of the head and the other 
one articulates with the gena The inner 
border of the mandible is sharply serrated. 
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The teeth of the left mandible lie dorsal to 
the teeth of the right mandible and both 
the mandibles work like a saw to cut the 
food into pieces. 

Maxillae. These paired appendages are 
present one on each side of the mandible. 
Each maxilla is a many-jointed structure 
and contains following pieces from proxi- 
mal to distal end — cardo , stipes , lacinia and 
galea . When the mouth parts are not 
working the two galea completely en- 
close the laciniae. The basal tip of cardo 
bears a condyle for articulating with the 
exoskeleton of the head. An inner groove 
separates the cardo from stripes. A mem- 
brane from the middle of the stipes ex- 
tends up to the head. From the distal end 
of each stipe arise a many-jointed lateral 
maxillary palp. This appendage is used for 
holding the food and thus assists during 
ingestion. 

Labium. This median single structure is, 
in fact, formed by the fusion of two appen- 
dages. It is divisible into a proximal part 
called submenlum and a distal part, mentuvi . 
The submentum articulates with the head 
immediately near the articulation of 
maxillae. The free end of men turn carries 
following paired parts from outer to 
inner side — many-jointed labial palps , short 
paraglossae , and small glossae with curved 
claw at the tip. 

Hypopharynx. This fleshy central part is 
bounded dorsally by mandibles, vcntrally 
by the labium and laterally by maxillae. 
A membrane from the inner border of the 
labium is continuous with its ventral side. 
The salivary duct opens in the middle of 
the ventral side and near the base. The 
hypopharynx is also termed as tongue or 
lingua. 

Labrum . It articulates with the distal 
end of clypeus in the head region. Its 
dorsal side is hard but ventral side is soft 
and is known as the epipharynx. 

Thorax. The head is connected with 
the next tagma, the thorax, by a short neck 
or cervicum . A large membrane connects 
the head with the thorax. The thorax is 
divisible into three segments — prothorax, 
mesothorax and metalhorax. The neck is the 
forward extension of the prothorax. A 
large sclerite covers the prothorax dor- 
sally. It extends anteriorly to cover the 
head and posteriorly to shield the rneso- 
thorax. This sclerite also extends laterally. 
The central part of this sclerite is lighter in 


colour than its periphery. A slender line 
runs along the middle and bifurcates pos- 
teriorly. The mesothorax is covered by a 
round sclerite having a central triangular 
marking called the scutellum. A transverse 
line above the pointed apex of the scutcl- 
lum divides the sclerite into an anterior 
and a posterior part. The anterior part 
is called prescuturn or preallar sclerite, 
which looks like an independent sclerite 
but actually it is a part of the mesothoracic 
sclerite. Posterior to the prescutum lies 
the scutum which on each side bears one 
anterior and one posterior tergal process 
for the articulation of the fore wing. 
The exoskeleton of metathorax resembles 
that of the mesothorax. But here the 
prescutum is not so well-marked. The 
anterior and posterior tergal processes are 
present on the lateral side of the scutum 
for the articulation of the hind wings. 
Each thoracic segment carries a pair of 
walking legs. All the legs are of similar 
shape and structure. The first leg is the 
smallest and the third leg is the largest. 
Each thoracic leg (Fig. 16.52) consists of 
following parts: 



Fig. 16.52. A thoracic leg of Peripfaruto americana . 

( 1 ) Coxa . Proximal part of the leg which 
is broad and flat. 

(2) Trochanter . Small part which serves 
as a joint between the coxa and the next 
part, femur. 

(3) Femur. Long and flat portion with 
outer spiny border. 
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(4) Tibia . Narrow and long portions 
with numerous spiny projections called 
tibial spurs . 

(5) Tarsus. This is the distal part of the 
leg. It is five-jointed and each part is called 
a podomere. Beneath the joints there are soft 
pads called plantulae. The terminal podo- 
mere is known as pretarsus , which bears 
two claws and a thin hairy pad called 
arolium or pulvillus. The mesothorax and 
metathorax of an adult cockroach carry a 
pair of wings on the dorsal side of each 
segment. During rest the dark coloured 
leathery mesothoracic wings called wing 
cover or tegmina or elytra, cover the thin and 
membraneous rnetathoracic wings which 
are used for flight. The wings arc exo- 
skeletal modifications. Each wing is com- 
posed of double layers of chitin with bran- 
ched tracheoles in between. 

Abdomen. The abdomen is the longest 
tagma of the body, which is divisible into 
ten segments. The entire abdomen is dorso- 
ventrally flattened. Last few segments are 
short and closely set. The last part of the 
abdomen in both the sexes is modified to 
take part in the formation of an area 
where reproductive ducts open and the 
area is provided with certain genital 
appendages (Fig. 16.53). 

A female cockroach bears following 
structures in the last part of the abdomen: 
(1) Hypogymm . It is formed by the close 
apposition of the sternites of both the sides 
of seventh abdominal segment towards the 
posterior direction. In between these two 
sternites, a fleshy lobe is placed with one 
small anterior and a large posterior folds. 
Dorsally the two folds bear a structure 
called paraprocts , within which opens the 
anus. (2) Epiprocts . The tergite belonging 
to the tenth abdominal segment extends 
posteriorly as incompletely bifurcated flex- 
ible projection, carrying three gonapophyses 
or ovipositors having scleritcs called valvifers . 
(3) Cerci. These paired structures are borne 
by the lateral side of the paraproct and 
articulate distally with the anterior end of 
the cpiproct and the tergites of the tenth 
abdominal segment. 

In addition to the above mentioned 
structures, the eighth abdominal segment 
bears three scleritcs — two laterals (also 
called basisternite) and a single median. 
The spermathccal apertures open within 
the posterior projection of median 
sclcrite and vulva or female gonopore is 


present on the ventral side of the two 
basis tern ites. 
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Fig. 16.53. Structures present in the posterior 
end of the abdomen of Pai planet a americana 
(Lateral view). A In female. B. In male (after 
Guthrie and Tindall). 


The posterior end of the abdomen in a 
male cockroach also exhibits specialisation. 
Here the sternum of the ninth abdominal 
segment is drawn anteriorly up to seventh 
abdominal segment and it beat's following 
structures — cerci , epiprocts , styles and gona- 
pophyses. The first two -structures corres- 
pond to the identical structures of females. 
A pair of rudimentary undivided stylets is 
present on the ninth segment. Three gona- 
pophyses, two lateral and one ventral are 
placed within a chamber formed dorsally 
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by paraprocts and ventrally by the sternum 
of ninth abdominal segment. In between 
lobes of the gonapophyses opens the duct 
from conglobate gland and the left gonapo- 
physis bears a slender pseudopenis. 

Integumentary system 

The details about the integumentary 
system are discussed in the latter part of 
this chapter under general account of 
arthropods. It may be mentioned here 
that the body of cockroach is covered by 
a cuticle which is impermeable to water. 
Numerous fine tubules originating from 
the lower epidermal cells traverse the 
cuticle. The cuticle is divisible into (a) 
inner thick pre cuticle and (b) outer thick 
epicuticle. The innermost part of the 
epicuticle is formed by a substance called 
arthroidin and its outer part is a thin 
polymer layer. I 1 his polymer layer is 
coated externally by a substance called 
amphion , which is formed by a combination 
of wax and cement. The amphion makes 
the cuticle impervious to water. The most 
important integumentary glands are cervi- 
cal glands and abdominal glands. The cervical 
glands are present within the membranes 
which cover the neck and its product is 
called ‘periplanetin . The abdominal 
glands include dorsal abdominal gland in 
between the terga of 5lh and 6th abdomi- 
nal segments and ventral abdominal gland in 
between the sterna of 6th and 7 th abdo- 
minal segments. These abdominal glands 
produce a substance having pungent smell 
which is used for defence. 

Muscular system 

The muscles of cockroach may be 
classified into two broad groups — skeletal 
muscles and visceral muscles . There are 
nearly 370 pairs of skeletal muscles, of 
which 51 pairs are present in the head. 
The skeletal muscles supply the mouth 
parts, thoracic legs, wings and genital 
appendages. In males, the wing muscles 
are opaque and pink but in females 
these muscles are hyaline and white. 
When compared with the histology of 
muscles of vertebrates (as discussed earlier), 
the skeletal muscle fibrils of insect 
show that Z-membrane, I-band, and A- 
bands are prominent but M-line is absent 
and H-band is inconspicuous. The mito- 
chondria are arranged on the opposite 
sides of the I-bands. 


The visceral muscles include gut and 
heart muscles. The wall of the gut con- 
tains an outer coat of circular muscles and 
an inner coat of longitudinal muscles. In 
the posterior region of crop and in the mid 
gut the longitudinal muscles are narrow 
but strongly developed in the anterior 
region of crop, colon and rectum. The 
most important heart muscles are fan- 
shaped allary muscles. The other visceral 
muscle of heart is a thin circular layer 
around heart with distinct nuclei. The 
histology of heart muscles exhibits the 
presence of intercalated discs in between 
the muscle cells, a plasmalemma having 
intimate connection with endoplasmic 
reticulum and complex mitochondria 
between the myofilaments. 

Body Cavity 

The body cavity in the form of coelom 
is present only in the embryonic con- 
dition. In adult the body cavity is 
formed by the fusion of embryonic blas- 
tocoel with the embryonic coelomic 
space and is called mixocoel. The wall of 
the embryonic coelom is used in the for- 
mation of different organs. The mixocoel 
in cockroach is obliterated by a loose 
tissue called /a/ bodies. The rest of the space 
is occupied by the digestive, excretory and 
reproductive organs. The blood (lows 
through the mixocoel and for this reason 
the mixocoel is also called haemocoel and 
the circulating fluid is called haemolymph . 
Two types of cells are present in the fat 
bodies -one type is binuclcatcd and the 
other type is with an elongated nucleus. 
These cells act as storehouse of reserve food 
which remain in the form of glycogen 
and are used during starvation. 

Alimentary system 

The alimentary sytem which is res- 
ponsible for nutrition includes alimentary 
canal and digestive glands (Fig- 16.54). 

Alimentary canal. The alimentary 
canal is about 6*7 cm in lejigth. It is divisi- 
ble into three distinct regions, (1) Fore gut , 
(2) Mid gut and (3) Hind gut . 

(1) Fore gut. It is also known as stomo- 
daeum. It is lined internally by cuticle and 
includes the mouth,- pharynx, oesophagus , crop 
and gizzard. The mouth denotes the 
beginning of the alimentary canal. This 
aperture leads to a small chamber called 
the buccal cavity between the mandibles and 
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maxillae on either side. The labrurn serves 
as upper lip and the labium acts as lower lip. 
A short tongue or hvpopharynx is present 
on the floor of the buccal cavity. The 
buccal cavity opens into a short pharynx 
which is a small tube. T he salivary duct 
opens within the pharynx near the base of 
hypopharynx. The pharynx leads into the 
next part of the fore gut, which is called 
the oesophagus and the opening between the 
two is thick, muscular and guarded by a 
sphincter. The short and narrow oeso- 
phagus is lined externally by a layer of 
circular muscles and the inner wall con- 
tains cuboidal epithelial cells, muscle cells 
and tracheae. The oesophagus extends up 
to the pro thorax and is followed by the 
crop. The dilated sac-like crop constitutes 
the largest part of the fore gut. The wall of 
the crop is composed pf epithelial layer, 
circular and longitudinal muscle layers. 
The crop extends within the abdominal 
cavity and acts as a temporary reservoir of 
food, where ingested food may be retained 


for two months. T he crop leads into a short 
thick-walled gizzard,* which denotes the 
last part of the lore gut. It is divided into 
an anterior and a posterior part. The wall 
of the gizzard is highly muscular and its 
anterior part contains in its inner wall six 
chitinous teeth extending towards the 
cavity of the gizzard. T he posterior part 
of the gizzard possesses two circular hairy 
cushions. T he teeth are used for crushing 
the food and the hairy cushions work as 
sieve to permit only the finer particles of 
fond to go inside the mid gut. 

(2) Mm gut. This undivided part, of ali- 
mentary canal is also known as mesenteron. 
It is a slender tube having an internal 
lining of columnar epithelium. Near the 
junction of the fore and the mid gut, there 
are eight hollow slender Jubcs called hepatic 
caeca or digestive diverticula . The diameter of 
each hepatic caecum is nearly 1 /3rd of the 
mid gut and histologically it resembles the 
mid gut. All caeca open within the mid 
gut and are believed to produce digestive 
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juices. A loose network of muscle cells is 
present on the outer wall of the mid gut. 
In the inner wall, the epithelial cells throw 7 
fine filaments within the lumen of mid gut. 
The junction of the mid and the hind gut 
is marked externally by the presence of 
numerous threads called Malpighian tubules 
which are excretory organs. 

(3) Hind gut. It is divisible into follow- 
ing parts- —7/eum, Colon, Rectum and Anus. 
The ileum is the first part of the hind gut 
and has small narrow lumen having epi- 
thelial lining. Its outer coat is composed 
of scattered muscle fibres. The ileum leads 
to colon, which is broad and slightly 
coiled. The inner lining of colon is thrown 
into irregular folds and is formed by 
slender epithelial cells having a chitinous 
covering. The colon continues into a small 
saclike rectum. The inner w'all of the 
rectum is raised in the form of papillae. A 
special kind of glands called rectal glands 
are present in the rectal wall for absorbing 
water. Thus the rectum not only stores the 
residual parts of the food but also helps in 
osmoregulation. The rectum opens to the 
exterior through an opening called the 
anus. The anus is present in between the 
two podical plates and is provided with a 
sphincter muscle. 

Digestive glands The salivary glands , 
the inner lining of mid gut and hepatic caeca 
are the digestive glands of cockroach/ A 
pair of salivary glands lies one on each side 
of the thoracic cavity. Each gland consists 
of two leaf- like diffused lobes and a reser- 
voir. The secretory lobes, reservoirs and 
their ducts together constitute the salivary 


along the oesophagus to open into the 
pharynx and near the base of hypo- 
pharynx. Each lobe of the salivary gland 
is made up of secretory acini, which are 
made up of two types of cells: ( a ) Cells 
which are packed with secretory granules. 
Under electron microscope, the endo- 
plasmic reticulum of the cells appears to be 
distinct at the time of granule formation, 

( b ) Cells with an intracellular duct (lined 
by chitin) and with numerous microvilli. 
These cells have very little secretory gra- 
nules but abundant mitochondria, coarse 
endoplasmic reticulum and vesicular bod- 
ies. The internal lining of the mid gut and 
the hepatic caeca also produce digestive 
juices. 

Mechanism of nutrition. The cock- 
roaches are omnivorous. The food is pro- 
cured by the maxillae and is cut into pieces 
by the mandibles. Within the buccal 
cavity, the food comes in contact with 
saliva and passes through the oesophagus 
into the crop. Both peristalsis and anti- 
peristalsis take place in the crop. Such 
activity of the crop is more intense in 
males than in females. The passage of food 
from the crop to the gizzard depends upon 
the ingested fluid. From the crop, the food 
passes to the gizzard, where the cuticular 
teeth crush the food and the hairy cushion 
permits only finer particles to enter the 
inid gut. T he lining of mid gut and hepa- 
tic caeca act both as secretory and absorb- 
tive areas. Following enzymes are present 
in the secretion of these regions — amylase , 
maltase , inner tase , Lactase , fi-glucosidase , pro- 
tease and lipase. The cellulose obtained in the 



Fig. 16.55. Salivary apparatus of Periplaneta amerkana. 


apparatus (Fig. 16.55). The lobes of the 
salivary gland open within the reservoir. 
From each reservoir a salivary duct runs 
anteriorly. The salivary ducts of two sides 
unite to form a common duct which runs 


mid gut is synthesised by the micro-orga- 
nisrns residing there. Most of the digested 
foods are absorbed only in the mid gut. 
Glucose is absorbed by the caeca. After 
the absorption of digested food, the rest 
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passes within the hind gut, where water 
and salts are absorbed. Residual matter is 
temporarily stored in the rectum and are 
periodically rejected through the anus. 
Food requires nearly 33 hours to travel 
the entire length of the alimentary canal. 

It may be mentioned here that from the 
junction of gizzard and mid gut the epi- 
thelial cells constantly throw membranous 
structures called peritrophic membrane of un- 
certain function. These membranous struc- 
tures are torned up in the anterior region 


in structures indicates that probably peri- 
trophic membranes from mid gut mix up 
with saliva at the time of regurgitation. 

Respiratory system 

The respiration in cockroach is aerial. 
Our knowledge about the respiratory 
structures in cockroach is based prima- 
rily on the findings from Blatella , be- 
cause little is known about the same 
in Periplanela americana. The respiratory 
system (Fig. 16.56) includes (a) Ten 



" " segmental 

■ — tracheae 

^ ° g airsac. 

-lateral longitudinal 
trunk 

ventral longitudinal 
trunk 
9 


ventral x ' 



dorsal longitudinal 
trunk 


Fig. 16.56. Tracheal system of Periplanela atmricana. The figure in the middle illustrates the 
extensive brandling of tracheae within the tissues. 


of the hind gut by the internal spines. 
Electron microscopic sttidies have revealed 
that the peritrophic membranes are made 
up of several layers and resemble the 
structures present in saliva. Such similarity 
25 [vol. i ’76] 


pairs of spiracles, (b) three pairs of longitu- 
dinal trunks , (c) several segmental tracheae 
and ( d ) branched tracheoles. 

Ten pairs of spiracles are present on the 
lateral sides of the body. Each spiracle is 
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bounded by an annular sclerite having a 
filtering apparatus formed by the bristles 
to eliminate dust particles from the in- 
flowing air. The first pair of spiracles is the 
largest and is present on the mesothorax. 
The second pair is on the metathorax and 
the remaining eight pairs are on the first 
eight abdominal segments. The mcsotho- 
racic spiracle has two lips — the anterior lip 
is rigid and the posterior lip is movable. 
The two meta thoracic lips are united ven- 
trally. No lip is associated with the abdo- 
minal spiracles. The thoracic spiracles 
open directly within the segmental trachea, 
but the abdominal spiracles open first 
within a chamber called atrium and 
from this chamber segmental tracheae 
originate. 

Three longitudinal tracheal trunks are 
present on each side of the abdominal 
cavity. The dorsal and ventral longitudi- 
nal trunks are present near the middle line 
and the lateral longitudinal trunk is pre- 
sent on the lateral side of the abdominal 
cavity. Each lateral longitudinal trunk is 
divisible into two parts — the anterior part 
is present between mesothoracic, meta- 
thoracic and first abdominal spiracle and 
the posterior part extends from second 
abdominal spiracle to eighth abdominal 
spiracle. Each dorsal and ventral tracheal 
trunk originates from a trachea given by 
first abdominal spiracle, extends up to a 
segmental branch from eighth abdominal 
spiracle. Six tracheae originate from each 
mesothoracic spiracle which supply head, 
prothorax and mesothorax. From the 
remaining spiracles on each side three 
segmental tracheae arc given. The longi- 
tudinal trunks and the segmental tracheae 
are swollen at several places and are 
known as air sacs. From tracheae arise the 
tracheoles which branch extensively 
within the tissues. 

Large tracheae are internally supported 
by a spiral ring of chitin, called taenidia. 
In addition, chitinous fibrils of 10 to 30 nm 
thickness and an cpicuticle of lipoprotein 
nature lines the lumen of the trachea. 
The lumen of trachea is often seen to be 
filled up with a substance of unknown 
nature. Smaller tracheae and tracheoles 
are devoid of taenidia and other chitinous 
structures. The opening of each tracheole 
within the tissue is immersed within the 
body fluid which conveys respiratory gases 
to and from the cells. 


Mechanism of respiration. During in- 
take of air the abdominal muscles relax to 
open the anterior four pairs of spiracles, 
through which air rushes in. The air 
reaches up to the intercellular spaces 
through the tracheoles. During expiration, 
the abdominal muscles contract to drive 
the air out of tracheal spaces through the 
last six pairs of spiracles. According to 
another view, air flows in and out through 
all the spiracles and probably there is no 
direct circulation of air along the longi- 
tudinal tracheal trunks. The working of 
spiracles is under the control of central 
nervous system. The cockroaches can close 
all the spiracles and may suspend its res- 
piratory activity for a considerable period 
of time. The opening and closure of the 
spiracles depend upon the carbon dioxide 
concentration. Usually the exhaled air 
contains 4% of carbon dioxide and if there 
is slight increase in its concentration rapid 
ventilation movement starts. The width of 
the spiracular opening increases with the 
rise of temperature from 20°-33 c C. 

Circulatory system 

The circulating fluid is called blood or 
haemolymph. It contains a colourless fluid 
called plasma in which are suspended 
many haemocytes . Following particulars are 
known about the blood of cockroach : 

Sp. gravity — 1*029 (in nymph) 

Total volume — 19% of the body weight 
(in 24 hrs. old nymph) 

Salts present — 

Sodium — 246 mg per 100 g 
Potassium — 67 mg per 100 g 
Calcium — 17 mg per 100 g 
Citrate - 0*73 mM 

Lipoids present — Phospholipids, Sterols 
and Triglycerids 

Carbohydrates present — 

145 mg per 100 g blood (before flight) 
250 mg per 100 g blodd (after flight) 

Proteins and amino acids — 

Total protein — 740 n|g nitrogen per 
1 00 ml of blood l 
Amino acids — Alanin^, Cystine, Glu- 
tamic acid, Glutafrnine, Glycine, 
Leucine, Methionine, Proline, Se- 
rine, Tyrosine and Valine 

Other substances — 

Uric acid — 14’3 mg per 100 g of blood 
(before flight) 

22 mg per 1 00 g of blood (after flight) 
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Ghitinase — Fairly strong 
Glucosidase — traces 

The total number of haemocytes in a 
24 hours old adult is 9 millions. The hae- 
mocytes are usually uninucleatcd but in 
pathological condition they may be multi- 
nucleated. Three types of haemocytes are 
known in cockroach — Prohaemocytes , Transi- 
tional haemocytes and Large haemocytes. (1) 
Prohaemocytes — They are small (6-9 
fjLin in diameter) actively dividing cells. 
The population of these cells is 23% of the 
total haemocytes. The nucleus is fairly 
large in comparison to the basophilic 
cytoplasm. The nucleus contains much 
chromatin materials and divides by mito- 
sis. These cells are phagocytic in nature. 

(2) Transitional haemocytes — They cons- 
titute 68% of the total haemocytes. Each 
cell is 9-18 /xm in diameter and is 
phagocytic in nature. These cells divide 
mitotically only under special condition. 

(3) Large haemocytes — These cells are 
18-23 /i m in diameter. Each cell has a 
nucleus with distinct nucleolus and a 
network of chromatin material. The cyto- 
plasm shows very weak basophilic stain. 

According to the work of Jones (Anat. 
Record, 128, 371, 1937), there are only 
two types of haemocytes in Periplaneta 
americana. They are plasmatocytes and coagu- 
locytes or cystocytes. 'The plasmatocytes cons- 
titute 60-93% of total haemocytes. These 
cells are polymorphic, amoeboid and have 
spindle-shaped inclusions. The number of 
coagulocytes varies and the nuclei are large 
and round. The intranuclear material is 
bar-shaped. 

The blood of cockroach, which is free 
from the burden of carrying oxygen, serves 
following functions: (1) Transportation of 
dissolved substances. (2) Transmission of 
hydrostatic pressure from one end of the 
body to the other. (3) Acts as a reservoir of 
water. The haemocytes which are present 
■in the blood are responsible for phago- 
cytosis, coagulation and wound healing. 
During phagocytosis, the haemocytes en- 
gulf invading micro-organisms or decaying 
tissues. After phagocytosis, certain haemo- 
cytes fully laden with ingested materials 
aggregate together* A few haemocytes 
form a capsule around thfcm. The coagula- 
tion is the result of dual role of haemocytes 
and plasma. The process begins with one 
of the proteins in plasma and probably it is 
the lipoprotein which reacts to form a net- 


work. According to one view, the coagu- 
locyles, being disfigured, break open to 
release certain granules in the plasma 
around it. The plasma precipitates around 
the haemocytes to form islands of coagu- 
lated bodies. Another view about the pro- 
cess of coagulation explains that in the 
beginning some haemocytes round up and 
throw thread-like pseudopodia which be- 
come sticky and thus lead the cells to 
a ggl u bnate. The plasma material around 
them precipitates and the entire island 
dries up to become hard and ultimately 
black. At the time of wound healing, the 
haemocytes move towards the injured site 
and form a clot. After 8-10 days the ad- 
joining epithelial cells start to enlarge and 
invade the haemocytc mass. The mass 
splits into an inner and an outer layer. 
The inner layer continues as a connective 
tissue layer and after a year becomes 
fibrous. The outer layer disintegrates and 
becomes mclanised. The epithelial cells 
form the epidermis. 

The heart of cockroach is an elongated 
tube, placed along the mid-dorsal line of 
thorax and abdomen. The wall of the heart 
is composed of outer connective tissue and 
median muscle cells. The cavity of the 
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heart is lined by the sarcolemma of median 
muscle cells. The heart is enclosed within 
a pericardial sinus, the wall of which 
has segmental bundles of allary muscles 
(Fig. 16.57) and a dorsal fenestrated 
diaphragm . At its anterior end, the heart 
continues as an aorta , which branches 
within the head region. In each 
segment, heart sends a pair of segmental 
excurrent arteries . The aorta and segmental 
arteries finally open within the haemo- 
coclomic spaces. From haemocoelomic 
spaces the blood returns to the pericardial 
sinus of the heart through several minute 
apertures. The blood, collected in the 
pericardial sinus, enters the lumen of the 
heart through 12 pairs of openings called 
ostia. These openings are present one pair 
in each segment on the ventro- lateral sides 
of the heart. The heart beats at the rate of 
100-120 per minute at 27°G. A complete 
circulation of blood through the body takes 
30-60 minutes. 


where uric acid precipitates as crystals. 
Proximal part of tubules are absorptive, 
that takes out water and inorganic base as 
bicarbonate which in turn returns to 
blood (Fig. 16.58). 



Fig. 16.58. Showing the role of different 
parts of Malpighian tubule in Periplaneta 
americana . 


Excretory system 

Near the junction of the mid gut and 
hind gut, there are numerous (70-120) 
thread-like, blind tubes, called Malpighian 
tubules , which remain arranged in six 
bundles. Each bundle contains 15-20 
tubules and each tubule has a surface 
area of 2200 sq. mm. The proximal end 
of each tubule opens within the lumen 
of the gut and the distal blind end extends 
within the haemocoel. The tubules 
are of two kinds — one kind takes darker 
silver nitrate stain than the others. The 
metabolic wastes which are collected from 
the haemocoelomic fluid are finally drain- 
ed within the cavity of the hind gut. 
Opinions differ regarding the nature of 
excretory substances eliminated by the 
tubules. According to one view, various 
nitrogenous substances like urates, uric 
acid are removed by the tubules along 
with excess of water. But another view 
holds that the tubules are only osmo- 
regulatory in function and thus do not 
remove nitrogenous substances. In addi- 
tion to the Malpighian tubules, the lining 
of the hind gut also has excretory function 
and the rectal papillae in the wall of the 
rectum regulates the exit of water. The 
urine is finally ejected with the faeces. 

Mechanism of Excretion : Distal part of 
tubules are secretory, that pours nitro- 
genous urates of K, Na in solution into 
the lumen of tubules through osmosis 


Nervous system 

The nervous system of cockroach in- 
cludes (a) Central nervous system , (b) Peri - 


brain 



Fig. 16.59. Nervous system of Periplaneta ameri- 
cana . This diagrammatic drawing docs not 
include all the peripheral nerves. 



phylum arthropoda 


pheral nervous system , (c) Sympathetic nervous 
system and (d) Sense organs . 

(a) Central nervous system. The cen- 
tral nervous system (Fig. 16.59) consists of 
several specialised parts which control the 
working of the different structures of the 
body through the peripheral nervous 
system. Each of the specialised parts of the 
central nervous system is discussed below : 

1 . Brain or Supra-oesophageal gang- 
lia. These are paired and large ganglia, 
present in the posterior side of the head 
region and on the dorsal side of the oeso- 
phagus. Each ganglion consists of a bilobed 
protocerebrum , a deutocerebrum and tritocere - 
brum . 

2. Sub-oesophageal ganglion. This 
ganglion is present in the mid-ventral 
region of the head and just ventral to the 
oesophagus. It is formed by the fusion of 
two ganglia. 

3. ClRCUM-OESOPHAGEAL CONNECTIVES. 
These arc short and broad, paired nerves 
which originate one from each supra- 
oesophageal ganglion and encircle the 
oesophagus to unite with the sub-oesopha- 
geal ganglion. 'The two connectives are 
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connected by one large and one small 
transverse commissure . 

4. Ventral nerve cord. I t is formed by 
two solid nerves, which begin from the 
posterior end of the sub-oesophageal gang- 
lion and run posteriorly along the mid- 
ventral line of the body cavity. In each 
thoracic segment it bears a prominent 
ganglion and in the abdomen there are six 
abdominal ganglia. First four abdominal 
ganglia are present one in each of the first 
four abdominal segments. The fifth abdo- 
minal ganglion is present near the junction 
of fifth and sixth segments. The sixth abdo- 
minal ganglion denotes the termination of 
ventral nerve cord. It is twice the size of 
other abdominal ganglia. This last abdo- 
minal ganglion is more or less present on 
the eighth segment. 

(b) Peripheral nervous system. These 
are nerves which are given out from the 
ganglia of the central nervous system. The 
name and distribution of different peri- 
pheral nerves which are given from the 
brain and sub-oesophageal ganglia are 
shown in the enclosed table (Table 
2 — Arthropoda). 


Table 2— Arthropoda 


Particulars about the peripheral nerves from brain and 
sub-oesophageal ganglia of cockroach 


Name of the nerve 

Origin ! Distribution 

1 

1 . Dorsal-tcgumentarv 

In between proto- | 
and deutocere- j 

brum. ! 

_ J 

Mechanoreceptors and thermo- 
receptors on the vertex and 
frons. 

2. Ocellar 

_ i 

From protocere- 
brum. 

Ocelli. 

3. Dorsal cardiac 

Do. 

Corpus cardiacum. 

4. Optic 

Do. 

Compound eye. 

5. Antennal 

From deutocere- 
brum. ; 

Antcnnary sense organs and mus- 
cles. 

6. Dorsal deutocercbral 

Do. 

Three large cxtripsic muscles. 

— - ^ — — - 

7. Ventral deutocercbral 

Do. 

Ventral extrinsic antennal muscles 
and sensory hairs at the antennal 
socket. 
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Table 2 — Arthropoda (contd.) 


Name of the nerve 

Origin 

Distribution 

8. Medio-frontal connec- 
tive 

From deutocere- 
brum. 

Frontal ganglion. 

9. Main cardiac 

Do. 

Posterior part of corpus cardiacum. 

10. Lateral frontal connec- 
tive 

From tritocere- 
brum. 

Frontal ganglion. 

11. Labral 

Do. 

Sensory areas of clypeus and 
labrum. 

12. Lateral integumentary 

Do. 

Sensory areas of gena. 

13. Ventral cardiac 

Do. 

Corpus cardiacum. 

14. Hypopharyngeal 

From sub - oeso- 
phageal ganglion. 

1 - . - -- _ _ _ _ 

Hypopharyngeal muscles and hy- 
popharynx. 

15. Corpus allatum nerve 

Do. 

Corpus allatuin and prothoracic 
gland. 

16. Mandibular 

Do. 

Hypopharynx and mandible. 

17. Maxillary 

Do. 

Maxillary muscles and palps. 

18. Labial 

Do. 

Labial muscles, ligula and labial 
palp. 

19. Cervical 

Do. 

Cervical muscles. 

20. Prothoracic gland nerve 

Do. 

Prothoracic gland. 


Each thoracic ganglion has eight pairs 
of nerve roots. With the first pair the ven- 
tral nerve cord communicates. The re- 
maining seven pairs of thoracic nerves 
supply the muscles of the thoracic segment, 
legs and wings. The metathoracic gang- 
lion in addition, sends peripheral nerves 
to the first abdominal segment. Each 
of the first five abdominal ganglia sends 
out pair of stout nerves to supply different 
parts of the abdominal segment posterior 
to it. The sixth abdominal ganglion 
sends out seven to eight pairs of nerves 
to the different structures present in the 
seventh, eighth, ninth and tenth abdo- 
minal segments. 

(c) Sympathetic nervous system. It is 
represented by a slender ganglionated sym- 
pathetic nerve, which begins from circum- 
oesophageal connectives to innervate the 


involuntary muscles of the alimentary 
canal. 

( t l ) Sense organs. The sense organs of 
cockroach may be grouped according to 
their functions as mechanoreceptors, photorecep- 
tors, thermoreceptors and chemoreceptors. In 
addition, another kinds of receptors, for res- 
ponsing to humidity changed, are recorded 
in the cockroach, Blatella. These are called 
hygroreceptors . 

Mechanoreceptors. Following sensory 
structures are considered as mcchano- 
receptors because they are Concerned with 
the reception of stimuli in the form of 
touch, pressure, vibration and air current. 

(a) Cuticular hairs . These are present in 
the cuticle either in the form of bristles, 
spines, plates or collection of hairs. Tactile 
bristles are present in the ccrcus and are 
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extremely sensitive to touch. Large spines on 
the femur and tibia of leg perform similar 
function. A collection of hairs, known as 
hair plates are present on certain parts 
of the body for receiving stimuli in the 
form of touch. A group of specialised 
hairs which are lodged in sockets occur in 
the cercus for receiving air movements and 
low frequency sounds. These are called 
auditory hairs. 

(b) Campaniform stress receptors . They are 
present as thick ridges on the segments of 
the leg, on the labial palps and its adjoin- 
ing areas. These receptors are believed to 
respond to different pressure on the cuti- 
cular surface. 

(c) Chordotonal organs . These specialised 
sense organs meant for receiving vibrations 
are distributed on the legs. These are 
aggregates of specialised cells which 
remain arranged either parallclly or in 
the shape of a fan. 

Photorecep I jrjs The eyes and ocelli 
are the two important photoreceptors of 
cockroach, in addition to the general sur- 
face of the body which can also detect 
light stimuli through cuticular receptors. 

(a) Compound eyes. The position and 
appearance of the compound eye have 
already been stated. The external surface 
of the eye Is covered by a transparent 
cuticle. Each eye is composed nearly of 
20,000 visual units, each one of which is 
called ommatidium (Fig. 16.60A). Each 
ommatidium consists of usual structures, 
like lens, crystalline cone , rhabdome and rt/i- 
nular cells (Fig. 16.60B). The cone is well 
developed and the rhabdomes extend up to 
the borders of the cone. The rctinular cells 
are partially stratified and contain rhab- 
domes in their inner border. These cells are 
separated by a slender axial canal. The 
pigment sheaths which separate the 
ommatidium are non-retractile. Thus only 
mosaic type of image formation occurs. 

(A) Ocellus. This is also known as simple 
eye. It is present near the base of antenna 
as a white area. It consists of outer flat- 
tened corneal cells, 3-5 rctinular cells and 
one rhabdome formed by the inner mar- 
gins of the retinular cells. It was formerly 
believed that these ocelli are of uncertain 
functions. Recently die light detecting 
ability of these structures has been proved. 
It has been demonstrated that cockroaches 
can respond to the change of light even 


when the compound eyes are painted. 
But it fails to do so after the covering of 
ocelli. 6 

Temperature receptors. The tempera- 
ture receptive sense organs are present in 
pads between the first four tarsal segments 
of the leg. 



wi nwai ibii.1 


/ 


corneugenccn/ ^ habdome 




/ ^ iris pigment cell 

crystalline cone 


retinal pigment 


Fig. 16.(50. A. Three dimensional model of an 
insect eye. Lower part is the sectional view. 
B. Enlarged view of a single ommatidium from 
insect eye. 


Chemoregeptors. These receptors are 
responsible for detecting chemical stimuli 
in the form of smell and taste. The long 
and annulated antennae are beset with two 
types of sensory structures — thick-walled 
bristles and thin-walled hairs. These bris- 
tles and hairs are responsible for the per- 
ception of smell. 'Fhe tips of the maxillary 
and labial palps, inner surfaces of die 
mouth parts and the inner border of the 
mouth and pharynx possess sensory struc- 
tures for contact, chemoreception and 
gustatory responses. 
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Endocrine system 

The body of cockroach contains follow- 
ing endocrine organs corpora cardiaca , 
corpora allata, prothoracic gland and cervi- 
cal glands . These glands work together 
with five groups of specialised cells in 
the brain. Of these five groups, three 
groups of cells are placed anteriorly and 
send the first nerve to the corpora car- 
diaca. The remaining two groups are pre- 
sent at the posterior end and they send 
the second nerve to the corpora cardiaca. 

Corpora cardiaca. It is a pair of small, 
elongated and irregular glands. At the an- 
terior end it encloses the aorta. At the 
dorsal side it bears a transverse commis- 
sure which extends posteriorly as a process 
to give rise to the aortic nerves. Ventrally, 
the corpora cardiaca are connected with a 
rudimentary ganglion and are drawn pos- 
teriorly to connect the corpora allata. 
Each corpora cardiacum receives three 
nerves — two from the neurosecretory re- 
gions of the brain and one from unknown 
origin. The electron microscopic studies 
have revealed that the cells of corpora 
cardiaca have profuse endoplasmic reti- 
culum and prominent secretory granules 
of 600 nm in diameter. The secretion of 
corpora cardiaca affects the contractility 
of muscles lining the gut, the Malpighian 
tubules and heart. It is believed that the 
products released by the corpora cardia- 
cum increase the effects of prothoracic 
glands. 

Corpora allata. This is a pair of small 
glands present posterior to the corpora 
cardiaca. Each gland is more or less oval. 
A transverse commissure connects it with 
the oesophageal nerve. It has nerve con- 
nections with sub-oesophageal ganglion, 
corpora cardiaca and prothoracic glands. 
The histology of corpora allata shows the 
presence of profuse mitochondria within 
the cells but secretory granules are pre- 
sent in limited areas. The secretion is 
responsible for following functions: CD u 
maintains the juvenile features in the lar- 
val stage. (2) It helps in the oocyte forma- 
tion in adult females. (3) It influences the 
secretions of secondary sexual organs in 
both the sexes. 

Prothoracic glands. At the anterior 
end of the prothoracic ganglion, lies a 
pair of rope-like prothoracic glands. A 
tracheal branch remains associated with 
the gland. The histology of this gland 


shows the presence of a central part having 
6-8 muscle fibres, which remain enclosed 
by an outer glandular covering of 4-12 
cells deep. The secretory granules are of 
various sizes. The secretions of prothoracic 
gland facilitate moulting and after the last 
moult the prothoracic glands degenerate. 
It has been experimentally demonstrated 
that the implantation of two pairs of pro- 
thoracic glands in an adult induces it to 
moult and results into the formation of a 
giant cockroach. 

Cervical glands. This is a pair of small 
oval glands, present in the neck region 
near the posterior opening of the head. 
This gland is richly supplied with trachea. 
The outer part of this gland is composed 
of large glandular cells and the inner part 
is made up of small cells with unusually 
large nuclei. The central part of the gland 
is occupied by a cavity which traverses 
within the inner wall. The endocrine 
nature of this gland has not yet been pro- 
ved in cockroach but in other insects it is 
believed to be responsible for producing a 
hormone to induce moulting. The product: 
which is secreted is called Pcriplanetin. 

Reproductive system 

Sexes are separate. The jnembers of two 
sexes may be identified on the basis of 
their morphological features. 

Male reproductive system. The male 
reproductive system includes a pair of 
reproductive organs called testes (Fig. 
16.61). In a cockroach 't*4 cm long, each 
testis is nearly 1 cm in length. The testis 
is larger in the young than in older one. 
Each testis is present in the lateral side 
of the abdominal cavity and under the 
terga of fourth and fifth abdominal seg- 
ments. The sperm cells after originating 
within the testis run posteriorly through 
a slender duct called vas deferens . The vas 
deferens from the lateral si£le of the abdo- 
minal cavity curves towards the centre 
and opens within a sac called seminal vesicle. 
Numerous blind, slender ind thread-like 
structures are given out from the outer 
wall of the vesicle. These gi^e a mushroom- 
like appearance and fornt the mushroom 
gland . The two seminal vesicles open 
within a common duct called the ejacula- 
tory duct. The ejaculatory duct runs up to 
the reproductive pouch and opens through 
an aperture called the male gonopore. A 
reproductive pouch is formed near the 
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ventral side of the ninth and dorsal side 
of the tenth segments. Numerous accessory 
structures formed by the modifications of 
abdominal appendages are associated with 
the pouch to help in copulation. 



Fig. 16.61. Male reproductive system of Peripla- 
neta americami. 


Female reproductive system. The fe- 
male reproductive system includes a pair 
of ovaries and associated ducts, glands and 
appendages. Each ovary is placed on the 
lateral and posterior end of the abdominal 
cavity. Each ovary is made up of eight 
beaded tube-like ovarioles (Fig. 16.62A). 
Each ovariole is distalo-proximally divi- 
sible into six zones (Fig. 16.62B). 

Zone 1 . The dislalmost ligament-like 
part which connects the ovarioles with the 
body cavity. 

Zone 2. This is the budding zone, 
where future oocytes are produced. 

Zone 3. Here the oocytes grow, but 
are not arranged in a single file. 

Zone 4. This is *hc longest region 
where oocytes are arranged in a single 
line. The distal end has smallest oocyte 
and the largest one remains at the proxi- 
mal end. 


Zone 5. Broad region of the ovariole 
which contains oocytes rich in yolk. 

Zone 6. This is the proximal part which 
opens within the oviduct. 

From each ovary originates one oviduct 
which is formed by the fusion of ovarioles 
at the posterior end. The two oviducts 
unite to form a common chamber called 
the vagina which is placed in the median 
position. In between the oviducts, a pair 
of unequal organs called spermathecae is 
present. The two spermathecae open 
within the genital pouch through an inde- 
pendent median aperture on the ninth 
segment. A pair of branched tubular 
glands, called colleterial glands opens on the 
dorsal side of the female gonopore. The left 
gland is larger than the right one. The 
genital pouch is formed by the modifica- 
tion of the seventh, eighth and ninth abdo- 
minal segments. It is bounded ventrally by 
the sternum of seventh segment, dorsally 
by the sternum of ninth and anteriorly by 
the sternum of eighth segment. The female 
gonopore opens within the genital pouch 
at the eighth segment. The opening of the 
pouch is provided with several chitinous 
rods. 

Development 

The female cockroach liberates a 
smell to attract the male. The male 
cockroach on receiving the odour, 
raises its wings and searches the female. 
During pairing the male protrudes its 
abdominal segments to fix under the 
female, thus moving end to end with the 
female. The pairing continues for an 
hour. The males which are at least 2-4 
days old and females of 4-5 days old arc 
capable of pairing. The pairing of the two 
sexes results into the transfer of sperm cells 
from males within the female as small pin- 
head sized packets called spermatophores. 
Within the body of the female the sperms 
remain temporarily stored within sperma- 
thecae. Sixteen eggs one from each ova- 
riole travel towards the genital pouch 
through oviduct. Each egg is centroleci- 
thal, i.e. bulk of yolk is confined to the 
central part of the egg. Thus the cyto- 
plasm with nucleus i^ restricted to the 
periphery. After fertilization, the fertilized 
eggs are enclosed in double row within a 
case called ootheca , which is formed by 
the secretion of colleterial gland. The 
ootheca is composed of a protein and 




394 


BIOLOGY OP ANIMALS 




Fig. 16.62. A. Female reproductive system of Pcriplancta amerkana. B. Sectional view 
ovariolc to show the linear arrangement of eggs at the different slate of maturity. 


contains water. The female after laying the 
egg, fixes it on some suitable object with 
the help of an oral secretion. The deve- 
lopment of the embryo continues within 
the ootheca and after certain period the 
young hatches out of the case (Fig. 16.63). 
The development requires 34 -99 days and 
it depends upon temperature. The rate of 
hatching is 63% and the young takes five 
minutes time to come out of the in Hated 
ootheca. After coming out, the young eats 
the egg membrane. The youngs resemble 
the adults but arc soft, white and without 
gonads and wings. They are called nymphs. 
The nymphs undergo several moultings. 
The stage in between two moultings is 
called instar. Wings appear at the end of 
the last moult. The transformation from 
nymph to adult takes six to eight months 
and requires 11 moults in males and 12 
moults in females. 

Example of the Phylum Arthropoda — 

GRASSHOPPER 

The grasshoppers are insects, which 


have undergone very little specialisation. 
There are two kinds of grasshoppers — 
long-horned (having long antennae) and 
short-horned (with short antennae). The 
long-horned grasshoppers belong to the 
family Tettigonidae and the short-horned 
grasshoppers constitute the family 
Acrididae. The well-known short-horned 
grasshoppers of our country are Gesonula , 
Poecillocerus, Ilieroglyphns, Tryxalis , AUrac- 
tomorpha , Ckortogonus, etc. 

Habit and Habitat 

The grasshoppers have chewing mouth 
parts. They occur throughout the world, 
mainly in grasslands. The locusts are 
related forms of grasshoppers and are 
well known for their migratory habits. 
The metamorphosis is incomplete, i.e. 
young forms gradually develop into adults 
and these young stages resemble the 
adult. It is also called direct metamorpho- 
sis. 

External structures 

The body is slender, elongated and 
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Fig. 16.63. A. Sectional view of an oothcca of cockroach. B. Lateral view of entire egg of cock- 
roach to show the embryo. C. Nymph (early stage) and D. Nymph (late stage) of cockroach. 


exhibits perfect bilateral symmetry. It may exoskeleton. The cxoskeleton of each seg- 
reach a length up to 8 cm. The colour irient is called a scleritc and two adjacent 
may be yellowish- green, leaf green or sclerites are separated by a soft suture, 
brown. Some forms have varied spots and Some segments of the body may be fused 
markings. The segments are distinct. Like and the sclerites are indistinct, 
that of cockroach the segments are A. Head. The head of a grasshopper is 
arranged to form three tagmata — head, covered dorsally by vertex , laterally by 
thorax and abdomen (Fig. 16.64). All the genae or cheeks and anteriorly by frons. The 
three tagmata are enclosed by chitinous ventral side of frons is united with the 



Fig. 16.64. External features of a female grasshopper (lateral view, diagrammatic). The wings 
of one side are excised. 
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clypeus. Following structures are present in 
the head region: (a) One pair of large 
sessile compound eyes, which occupy the 
major part of the dorso-lateral region of 
head. ( b ) Three ocelli or simple eyes are 
present, one on the middle of the frons and 
one on the side of each compound eye. 

(c) One pair of narrow filiform and joint- 
ed antennae is present, one on the 
anterior border of each compound eye. 

(d) Mouth is present at the anterior ter- 
minal end of the body and directed ven- 
trally. The mouth is provided with mouth- 
parts which are specialised for biting and 
grinding leaves. 


MOUTH PARTS OR TROPHI 

The mouth is bounded (Fig. 16.65) by 
an upper roughly rectangular labrum and 



(anterior view). 

a lower labium. The labrum remains atta- 
ched to the anterior border of the clypeus. 
The labium which appears single is 
formed by the fusion of two. An elongated 


tongue or hypopharynx remains within the 
mouth cavity and is attached with the 
inner side of labrum. The inner broad part 
of the labium is called submentum , middle 
portion as mentum and the two movable 
anterior parts are called lingulae. A pair of 
jointed labial palps arise one from each 
side of the mentum. The two lateral sides 
of the mouth are provided with mandibles. 
Each mandible is strongly built. It has 
serrated inner border. On the outer side 
of each mandible lies a many-jointed 
maxilla. The proximal part of each maxilla 
is called the car do, the middle stipes and the 
distal serrated part is lacinia. The outer 
border of stipes bears a palparifer and a 
five-jointed maxillary palp. The palparifer 
carries at one end a round galae. 

B. Thorax. The thorax has three seg- 
ments — prothorax , me so thorax and metathorax. 
The outer covering of the thorax invagi- 
nates inside the body to form rigid endo- 
skeleton for the insertion of muscles. 

The dorsal covering of prothorax is 
called ter gum or pronoturn. It is large and 
subdivided into prescutum , scutum, scute llum 
and postscutellum. Lateral coverings arc 
known as pleuron . The plcuron is subdivid- 
ed by a pleural suture into an anterior eip - 
sternum and a posterior epimeron. The ven- 
tral side is covered by a single prosternum. 

The mesothorax is covered dorsully by 
a single mesonotum and vcntrally by a rncso- 
sternurn. Each lateral side is covered by 
pleuron having divisions called cpisternum 
and epimeron. 

The metathorax is compact and larger 
than the other two divisions of the thorax. 
The exoskcletal coverings are same as in 
mesothorax, the dorsal one is called 
metanotum and the ventral one is called 
me taster mm. 

Structures present in the thorax 

Spiracle. A pair of spiracles are present 
on the dorso-lateral sides f of each meso- 
and metathorax. [ 

Leg. One pair of legs Jare present in 
each thoracic segment. T|ie prothoracic 
legs arise from the ventro-lateral angle of 
the body and act to pull the body forward. 
The mesothoracic legs support the tody 
during walking. The meta thoracic legs are 
the largest and push the body forward 
during walking and are used for jumping. 
Each leg consists of similar segments as 
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that of cockroach. In the males, the third 
segment of the leg bears rows of chitinous 
hooks. These hooks are moved with pres- 
sure along the hard outer surface of the 
wing on prothorax to produce a sound. 
This sound producing organ is known as 
stridulatory organ. 

Wing. Two pairs of wings are present — 
one pair on the mesothorax and the other 
on the metathorax. The wings which re- 
main attached on the dorso-lateral angle of 
mesothorax are called fore wing or tegmina . 
The fore wing is narrow and leathery. 
The wings at the dorso-lateral angle of the 
metathorax are called hind wings. These 
wings are broad and membranous. The 
hind wings are used during flight. At the 
time of rest, these wings remain covered 
beneath the fore wings. Each wing is 
composed of two cuticularised layers 
with branched tracheal tubes in between. 
These tracheal tubes are known as nervures 
or veins . 

G. Abdomen. The abdomen is made up 
of eleven embryonic segments. Of these 
segments, the anterior seven are easily 
recognised in adult grasshopper. The pos- 
terior segments undergo modifications. 
These modifications arc different in male 


gethcr eight pairs of abdominal spiracles. 
In males, the tergites of ninth and tenth 
abdominal segments are united and the 
sternite of ninth segment is considerably al- 
tered The ninth segment bears the genitalia 
which include two pairs of gonapophyses. 
The outer pair of gonapophyses form the 
claspers and the inner small pair arc 
known as parameres . The gonapophyses 
cover the penis. The sternite of the tenth 
abdominal segment forms the subgenital 
plate and the tergitc of eleventh segment 
works as supra- anal plate. The supra-anal 
plate bears one pair of cerci and two 
podical plates . In females, the sternites of 
ninth, tenth and eleventh segments are 
modified to form the genitalia which work 
as the ovipositor. The ovipositor lias three 
pail's of valves. The dorsal pair of valves 
arise from the ninth and the ventral pair 
from the eighth segments. The third pair 
of valves arc placed inside to act as a 
channel for the outlet of eggs. The tergites 
of these three segments are incompletely 
united. The last segment bears — one pair 
of cerci (not so large as in males) and a pair 
of podical plates 

Digestive system 

The digestive system (Fig. 16.66) consists 
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Fig. 16.66. Alimentary system of grasshopper (lateral view). 


and female grasshoppers. Each ring-like 
segment is covered by a dorsal terguni 
and ventral sternum. The inconspicuous 
inter-segmental membranes connect 
the exoskeletal coverings of the abdo- 
minal segments. The dorsal exo- 
skelctal covering of the first abdominal 
segment is continuous with the same of 
metathorax. On the lateral surface of the 
first abdominal segment is present a tym- 
panic membrane for receiving sound 
stimulus. Each abdominal segment bears 
a pair of spiracles. Thus there are alto- 


of the alimentary canal and digestive glands . 
The alimentary canal is divisible into a 
fore gut , mid gut and hind gut. The fore gut 
begins from mouth which leads into a small 
pharynx. The mouth is provided with 
mouth parts for biting and chewing food. 
In the pharynx the salivary duct opens. 
The pharynx leads into a narrow oesophagus 
which runs upward to filter into a thin, 
dilated chamber called the crop . The crop 
is followed by a small tube called proven - 
triculus or gizzard which possesses in its 
inner wall chitinous plates raised to 



398 


BIOLOGY OF ANIMALS 


form teeth. The gizzard completely 
liquifies the food which then enters into 
the stomach or ventriculus . The opening is 
guarded by a sphincter. The stomach 
represents the mid got and its beginning 
is marked externally by the presence 
of six gastric or hepatic caeca. Each is 
attached near the middle of caecum, i.e. 
each caecum has one anterior lobe and 
a posterior lobe. The opening between 
the mid gut and the first part of the 
hind GUI, called ileum is guarded by a 
sphincter. This region of attachment bet- 
ween mid and hind gut contains a circlet 
of numerous slender Malpighian tubules . 
The ileum leads to a slender colon which in 
turn enters to the enlarged rectum. The 
rectum ultimately opens to the exterior 
through an opening called anus. 

The digestive glands include salivary 
glands . the lining of the mid gut and hepatic 


Respiratory system 

Respiration is aerial and the respiratory 
structures are tracheae (Fig. 16.67). There 
are two dorsal , two ventral and two lateral 
longitudinal tracheal tubes . These communi- 
cate with one another by transversely 
placed segmental tracheae . Some of these 
connecting tracheae are inflated as air sacs. 
From the trachea arises finer vessels called 
the tracheoles which form extensive net- 
work within the tissues. The inner wall of 
the trachea is provided with spiral cuti- 
cular thickening. Such thickenings are 
absent in tracheoles. The ultimate opening 
of the tracheole is immersed within body 
fluid, which conveys respiratory gases to 
and from the cells. 

The lateral longitudinal vessels commu- 
nicate with the exterior through ten pairs 
of spiracles. Of these ten pairs of spira- 
cles, two pairs are on the thorax and the 



Fig. 16.67. Respiratory System of grasshopper. Showing only a part of the tracheal network, 
air-sacs and last seven abdominal spiracles. 


caeca all of which produce digestive juices. 
The salivary glands are small paired struc- 
tures present on the outer surface of the 
crop. The salivary duct opens within the 
pharynx. 

The grasshoppers arc leaf-eaters. The 
mouth parts are used for cutting and 
crushing the leaf. The saliva moistens the 
food and at the same time partially digests 
it. The food remains temporarily stored 
within the crop and slowly flows into the 
gizzard. In the lumen of the gizzard the 
food is fully churned. Then it goes to the 
mid gut. Lining of the mid gut and hepatic 
caeca secrete digestive juices. Various 
enzymes, present in the juices complete 
the digestion. Absorption takes place in 
these two areas. The residual matter passes 
into the rectum. The mineral salts and 
water are absorbed by the lining of the 
rectum and the faeces are ejected through 
the anus. 


remaining eight pairs are on the abdomi- 
nal segments. These are placed in a row of 
ten in each lateral side. Each spiracle is 
enclosed by a round sclerite called peritreme 
and a valve to guard the opening. The 
valve is provided with muscles and nerves. 

During inspiration or taking in of air, 
the first four spiracles open and the air 
rushes inside. At the time of expiration, 
last six pairs open and the <*ir passes out of 
the body. 

Excretory system l 

The excretory organs are( in the form of 
Malpighian tubules. These ate present near 
the junction of stomach arid ileum. Each 
tubule is thread-like and internally lined 
by a layer of striated epithelial cells. The 
free blind end of these tubules extends 
within the hacmocoel and removes meta- 
bolic wastes from the blood. These waste 
products are finally drained within the 
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ileum, from where these are removed with 
the faeces. 

Circulatory system 

The heart is tubular and is placed on the 
dorsal side of the thoracic and abdominal 
cavities. It is drawn anteriorly into an 
aorta (Fig. 16.68). The heart contracts to 
drive blood anteriorly which flows through 
the aorta. The aorta breaks up into finer 
branches in the head and thoracic 
regions and ultimately opens to the haemo- 
coelomic spaces ( Haemocoel ). Through 
these spaces the blood returns to the poste- 
rior part of the body. The deoxygenated 
blood is finally accumulated within a large 


ventral line. The ventral nerve cord 
consists of the chains and throughout the 
length its double structure is visible. The 
ventral nerve cord along its path bears 
three thoracic and five abdominal ganglia . 
These ganglia send paired peripheral 
nerves to the muscles and spiracles of the 
co r r es p o ndi ng segin e n t . 

The SYMPATHETIC NERVOUS SYSTEM i$ 
represented by a thin stomatogastric nerve 
having oesophageal ganglion and visceral 
ganglion. It is connected with the brain 
and supplies branches to the heart and 
digestive tube. 

Sense organs. Following sense organs 
arc present in the body of grasshopper: 



haemocoelomic space around the heart 
called pericardial sinus. From the sinus 
the blood enters the heart through paired 
segmental openings of the heart called ostia 
(singular — ostium). The outer wall of the 
pericardial sinus is provided with segmen- 
tally arranged allary muscles. These muscles 
cause the pericardial wall to contract and 
force the blood to enter into the heart. 
The contraction of heart to drive the 
blood is possible due to the contractile 
nature of its wall. 

Nervous system 

The nervous system has three usual 
divisions —central nervous systirn , peripheral 
nervous system and sympathetic nervous system 
(Fig. 16.69). The central nervous system 
consists of brain or supra- oesophageal 

GANGLION, OESO PH AGE AL CONNECTIVES , 
SUB- OESOPHAGEAL GANGLION and VENTRAL 
NERVE CORD. From brain paired peripheral 
nerves are supplied to the eyes and 
antenna. The sub- oesophageal ganglion 
supplies nerves to the mouth parts. The 
ventral nerve cord originates from sub- 
ocsophageal ganglion and runs up to the 
posterior end of the body along the mid- 


(1) Organs for touch. The structures 
like antennae, palps, distal segments oflcgs 
and ccrci bear sensitive hairs which can 
feel the surrounding. 

i 2) Organs . >f smell. The many-jointed 
antennae hear specialised sensory hairs for 
detecting the smell and thus help in find- 
ing the food. 

(3) Organs of taste. The surface of the 
palps and mouth parts are provided with 
special kinds of sensory bodies to deter- 
mine the taste of food. 

(4) Organs fcr detecting light. Ocelli 
and compound eyes are the two organs for 
receiving stimuli in the form of light. Each 
ocellus consists of a lens formed by thick 
and transparent cuticle and a group of 
ri ; nular cells. These ocelli are capable of 
differentiating light from darkness. The 
structure of compound eye is built up in 
same plan as that of cockroach. The image 
formation takes place in the identical way. 

(5) Organs for receiving sound. The 
tergum of the first abdominal segment 
bears on its each lateral side a circular 
area for receiving sound waves. It consists 
of a round chitinous ring on the centre of 
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which a membrane is tightly stretched. In 
the inner wall of the tympanum lies a 
slender auditory apparatus (Fig. 16.70). 
This auditory apparatus remains attached 
with its one end to the centre of the tym- 



panum and by the other end to the audi- 
tory nerve. The sound waves hitting the 
tympanum are conveyed to the auditory 
apparatus to be communicated through 
auditory nerves. 



Fig. 16.70. Auditory apparatus of grasshopper. 

Reproductive system 

Sexes arc separate and sexual dimor- 
phism is noted from the disposition of 
structures present in the posterior abdo- 
minal segments. 

Male reproductive system (Fig. 
16. 71 A). The male reproductive organs or 
testes are paired structures placed on the 
ventral side of the alimentary canal. Each 
testis is divided into four regions — Gernta - 
rium , Spermatocyte zone , Spermatid zone and 
Spermatozoa zone. The sperm cells from each 
testis arc carried through a duct called the 
vas deferens. The two vasa deferentia open 
within an unpaired duct called the ejacu- 
latory duct having cuticular lining. The 
last part of the vas deferens is swollen and 
is known as seminal vesicle. The eja- 
culatory duct opens to the exterior through 
a copulatory organ called aedeagus or penis. 
The accessory glands called mushroom glands 
open within the ejaculatory duct. 

Female reproductive system. (Fig. 
16. 7 IB). The female reproductive organs 
or ovaries are paired struqtures and present 
one on each side of the flimentary canal. 
Each ovary is made up ;of ovarioles . Each 
ovariole has following tliicc zones — Termi- 
nal filament , Germarium ; and Vitellarium. 
From each ovary reproductive cells or ova 
pass through a duct called oviduct . The two 
oviducts unite to form a common oviduct 
which opens within a cuticularised cham- 
ber called vagina . It opens to the exterior 
through ovipositor. The vagina receives 
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slender ducts from the spermathecae , where 
the sperm cells remain temporarily stored 
after copulation. The accessory glands, 
known as colleterial glands liberate a foamy 
product within the vagina. This substance 
forms a hard structure around the egg after 
deposition. The eggs are laid and buried 
within small holes which are dug up by 
the female with the help of ovipositor 
(Fig. 16.71G-1). 


shedding off of the old exoskeleton. The 
grasshopper undergoes five moults before 
becoming an adult. Each phase between 
two moulting is called an instar. As in all 
other winged insects (excepting Mayfly) 
no moulting takes place in the grasshopper 
after the attainment of the adult form. 

Economic importance of grasshopper. As 
crop pests: They eat many kinds of vegeta- 
tion and cause serious damage to major 
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Fig, 16.71. A. Male reproductive system of grasshopper. B. Female reproductive system of 
grasshopper. G. Egg laying and different stages of development in grasshopper 


Development 

Early development continues for three 
.weeks and then remains suspended for a 
certain period of time. This phase of 
arrested growth is called diapause; at 
this phase the individual tides over the 
adverse environmental condition. After 
the return of favourable period, growth 
resumes and young grasshopper emer- 
ges out of the egg shell. • 1 1 is then known 
as a nymph . Its body resembles the 
adult in all respects excepting the propor- 
tion of different parts (Fig. 16.7 1C, 2-5). 
Further growth involves moulting or 

26 [vol. i, 76] 


crops like paddy, wheat. During favourable 
conditions and lack of enemies they can 
fly in huge number (June- July) causing 
swarms called Plague of grasshoppers. 

As food: The eggs, nymplis and adults 
provide good food for several predatory 
insects, spiders, frogs, reptiles, birds, etc. 
sometimes they are used by human as food 
and fish bait. Grasshopper is used in Japan, 
Phillipines, Mexico as dish of delicacy. They 
are commonly eaten by North American 
Indian and certain primitive tribes. The 
Greeks grind them by mortal's and the 
powder is then stored to be used as food. 
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Control of grasshopper 

Natural control : Eggs are eaten by some 
beetles, bee, flies, moles, mice; nymphs by 
robber flies, digger wasps; both nymphs 
and adults by predatory large insects, frogs, 
reptiles, birds and mammals. Flesh flies 
(Sarcophaga) lay maggots on adults and 
tachinid flies lay eggs on adult and 
nymphs of grasshopper, thus maggots bore 
their way into hosts bringing bacteria 
and fungal diseases which may cause 
death. 

Physical control: During winter, the soil 
is exposed to sun by ploughing. Developing 
ones thus wither away in sun light or 
eaten up by birds. 

Chemical control: Various insecticides are 
used in the form of dust, spray or poisoned 
bait. Insecticides like aldrin, dieldrin, 
chloradane, toxaphane are used very 
often. Methoxychlor is also now used for 
protecting vegetables and crop plants as it 
is a non- residual type of insecticide and 
is less harmful to man and domesticated 
animals. 

GESONULA — a typical representative of 

GRASSHOPPER 

Gesonula punctifrons is a common short- 
horned grasshopper available in different 
parts of West Bengal and adjoining States. 
Because of its easy availability, Gesonula is 
selected as a type specimen to study the 
anatomy of grasshopper in general. 
Gesonula has many features common with 
the grasshopper already described. How- 
ever, the following description will be 
helpful to the students as a guide line in 
their practical work. 

Digestive system 

Fig. 16. 72 A shows the basic organisation 
of the alimentary canal of Gesonula . There 
are six caeca. The caeca are attached with 
the gizzard part of the alimentary canal 
by their mid-posterior ends. The posterior 
free lobe of each caecum is short while the 
anterior free lobe is longer and is about 
three times in length than its posterior 
counterpart. Inside the gizzard or proven- 
triculus there are six chitinised V-shaped 
teeth which correspond with the caecal 
opening into the gizzard. There are six 
longitudinally disposed rectal pads inside 
the rectum, which help in the absorption 


of water. Numerous fine greenish yellow 
thread-like structures are observed at 
the junction of the ventriculus and 
ileum. These threads are called Malpi- 
ghian tubules which are seldom coiled. 
The tubules form a few distinct bun- 
dles which in turn open into the gut 
separately. 

Reproductive system 

In Fig. 16.72 A, B and G show die plan 
of reproductive system of Gesonula. The 
ovarian follicles of both the sides are 
united medially and are situated dorso- 
medially. There are a pair of accessory 
glands at the anterior end of the ovary. 
The testes, though paired, remain closely 
adpressed and covered by yellowish con- 
nective tissue and thus appear unpaired. 
It extends from 2-6 th abdominal segments. 
The testes are of ‘Fountain type’, i.e. the 
follicles enter in a cluster into the vas 
deferens near its blunt end. The male 
accessory glands arc 14 pairs inclusive of 
seminal vesicle. On the basis of their 
appearance and contents the accessory 
glands are distinguishable into three types: 

(a) White glands: These are 4 pairs of 
white glands of more or less equal size and 
remain filled with milky white secretion. 

( b ) Hyaline glands: Eight pairs in num- 
ber and are of varying lengths containing 
colourless secretory material. 

(c) Opalescent glands : These are two in 
number and remain filled with opalescent 
granules. 

( d ) Seminal vesicle: These are paired 
structures and are highly coiled. 

Example of the Phylum Arthropoda — 

HONEYBEE 

Habit and Habitat 

There are several kinds of bees. The 
one which is described here is scientifi- 
cally known as Apis meltyfica. The other 
important species are Apis dorsata , Apis 
jlorea and Apis indica. |loncy bees are 
well-known for their Organised social 
life and great economic importance. The 
nest of the honey bee is known as the bee- 
hive . It is commonly seen on tall trees and 
ceilings of houses. The practice of rearing 
bees in artificial hives for honey and wax 
is long known to man and is followed 
throughout the world. 
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Fig. 16.72. Anatomical sketches of Gesonula pwictifrons. A. Digestive system. B. Female reproductive 
system. G. Male reproductive system. D. Enlarged view of accessory glands #>f male. (Courtesy: 
Dr. Himangshu Banerjoc). ^ 


Polymorphism in honey bee. Thou- 
sands of bees (50,000 to 80,000) which live 
in a hive are of three different farms — 


(1) workers, (2) drones and the (3) queens 
(Fig. 16.73). The phenomenon of the exis- 
tence of several morphological forms in a 
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species is known as polymorphism, So, the 
bees are polymorphic species. 

Worker bee. The size of worker bee is 
small but they constitute the majority in a 
hive. Each worker bee in its life time acts 
in different capacities — cleaner, nurse, 
builder, technician, soldier and porter. 



queen 


Fig. 16.73. Three different forms in a colony of 
honey bees. 

Drone bee. Little larger than the wor- 
kers, but are idle and noisy. They cohie 
out of the hive only at the time of nuptial 
flight. 

Queen bee. Generally a single matured 
queen is present in each hive. The size is 
very large specially the abdomen. It is 
responsible only for laying of eggs. 

External structures 

Three tagmata of the body, namely, 
head y thorax and abdomen are provided with 
certain specialised structures to help it in 
its peculiar habit. 

Head. The triangular head (Fig. 16.74) 
contains (1) three ocelli in the middle, 

( 2 ) two well-marked compound eyes, 

(3) two short, many-jointcd antennae and 
several appendages around the mouth 
which are of rasping and lapping type. 
These mouth parts include — (a) Mandible . 
These paired spoon-shaped structures 
are very strongly built in worker bees 
and are used at the time of making 
of combs. ( b ) First maxilla . Each of 
the paired maxillae includes a lamina 


or galea on a basal piece which is 
composed of two elements — stipes and 
car do. The maxillary palps are poorly deve- 
loped. (c) Second maxilla . These paired 
appendages form the lower lip. It is well 
developed in the workers. The proximal 
parts of the two maxillae are united. From 
the outer side of each second maxilla 
hangs a long labial palp. The inner side 
may be splitted into two parts — glossa and 
paraglossa. Two glossae, one from each 
second maxilla, are united to form the 
tongue or ligula. The distal spoon- like tip 
of the tongue is called labellum and it has 

ocelli 



Fig. 16.74. Enlarged view of the head of honey 
bee (after Thomson). 

a ventro-median groove. The paraglossa is 
firmly united with the base of the ligula. 
Three parts — labial palps, ligula and para- 
glossae form an airtight tube for sucking 
nectar. The elongated mouth parts, while 
not in use are kept folded. 

Thorax. The thorax, as iyi other insects, 
consists of three segments — prothorax, 
meso thorax and meta^horax. Each 
thoracic segment bears a |>air of appen- 
dages in the form of legs.} Two pairs of 
wings occur as non- appendicular struc- 
tures. There are two pair! of spiracles — 
one pair in the mesothorax and the other 
on the metathorax. 

Legs. The legs have the same pattern as 
that of cockroach but are largely modified 
for their particular way of life (Fig. 16.75). 
(1) Prothoracic legs , Here the tibia of each 
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leg is provided with soft hairs called eye 
brushes , which are used for cleaning the 
pollens and debris from the eye. The stiff 
bristles known as pollen brushes are present 
on the first tarsal segment to work as 
antenna cleaner. (2) Mesothoracic legs . In 
addition to pollen brushes of the first 
tarsal segment, the tibia bears a wax spine 
stick for removing wax from the wax 
glands. (3) Metathoracic legs . The first tarsal 
segment bears at its inner part pollen combs, 


mesothoracic leg prothoraoic leg 
^metathoracic lag 

Fig. 16.75. Thoracic legs of a worker honey bee 
(only one side is shown). Note the cliilerence 
in structure (after Kimbal). 

which are responsible for collecting pollens 
from the pollen brushes of other legs. A 
structure called pollen packers is present 
near the junction of tibia and first tarsal 
segment. This pollen packer is formed by 
a spiny pecten on tibia and a knotched plate 
called auricle on the first tarsal segment. 
It cleans the pollen combs and deposits the 
pollens within pollen basket which is 
placed on the outer side of the tibia. 

Wings. Two pairs of wings are placed on 
the dorsal side of the thorax. The wings are 
largest in drones and smallest in queens. 
The wings are structurally same as that of 
cockroach, but the mechanism of wing 
action during flight is peculiar and com- 
pletely different from most other flying 
animals. The wings instead of mere flap- 
ping, perforin a speedy rotatory motion. 
Such action helps the bee to do various 
movements during flight, e.g. ascending, 
descending, remaining fixed and also back- 
ward movement. Aerodynamically speak- 
ing, the flight of honey bee resembles more 
with the helicopter than aeroplane. 

A&domen. The number of segments in 
the abdomen are seven in drones but six in 



workers and queens. In drones, the abdo- 
men is broad but smaller than the wings. 
In queens the abdomen is elongated 
and tapering. The abdomen bears several 
apertures called stigmata , which are six 
pairs in drones and five pairs in queens 
and workers. The workers bear on the 
ventral side four pairs of wax glands to 
produce wax. The wax is liberated through 
minute pores which form scales. In queens 
and workers the posteriormost end of the 
abdomen is provided with a sting which is 
connected to the internal poison gland. The 
sting is formed by a dorsal stylet sheath and 
a pair of ventral lancelets. These three pieces 
enclose an inner poison canal. At its proxi- 
mal end the sting has a swollen bulb and 
a pair of bifid arms , one on each side of it. 
The distal tip is beset with spines called 
barbs (Fig. 16.76). Three pairs of plates — 
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Fig. 16.76. Sting of a honey bee (worker). 


oblong , fulcril and quadrate , remain associ- 
ated with the sting to act as lever. From 
each oblong plate arises an elongated palp 
to enclose the sting. The poison gland is 
short and slender. Its secretion remains 
stored in a large poison sac, which opens 
to the proximal end of the sting near the 
bulb. In the queen, the sting also acts 
as an ovipositor. 

Digestive system 

In addition to the mouth and pharynx , 
the alimentary canal consists of 
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following parts — oesophagus , honey sac> 
chyle stomach , small intestine , large intestine 
'and anus (Fig. 16.77). Straight and 
tube-like oesophagus passes through the 
thoracic region. Within the abdomen the 
last part of the oesophagus dilates to be- 
come a honey sac. The honey sac opens to 
the chyle stomach. The opening is guarded 
by a complex stopper. The chyle stomach 



Fig. 16.77. Alimentary system of honey bee 
(after Thomson). 


is broad, half-bent and leads to the small 
intestine. The opening is separated by a 
pylorus. The inner wall of the coiled 
intestine is lined by longitudinal rows of 
chitinous teeth. The sac-like large intestine 
is the posterior continuation of the small 
intestine. The opening between small 
intestine and large intestine is guarded by 
valves of six plates. According to some 
workers the stopper and the chyle stomach 
are equivalents of proventriculus and ven- 
triculus respectively. 

The digestive glands are represented 
by three pairs of salivary glands. The saliva 
from these glands mix with pollens and 
nectar. The enzymatic action converts the 
nectar into honey. It is either digested 
or regurgitated into the comb for future 
use. Another pair of coiled glands is present 


in the head of worker bees which produce 
a nitrogenous food, called ‘Royal jelly*. 

Respiratory system 

The respiratory organs are tracheae . The 
arrangement of tracheae is same as in 
cockroach and consists of stigmata , longitu - 
dinal trunks and segmental branches . In cer- 
tain regions the tracheae are dilated to 
become air sacs. 

Excretory system 

Numerous filiform tubules called Malpi- 
ghian tubules serve as excretory organs. 
These tubules open into the lumen of the 
intestine through their proximal end and 
their distal blind end remains suspended 
within the haemocoelomic spaces. The 
excretory products pass out through the 
alimentary canal. 

Circulatory system 

Tubular heart is present along the 
mid- dorsal region of the thorax and 
abdomen. The blood which is pump- 
ed by the heart, flows through the 
haemocoelomic spaces. The blood is 
known as haemnlymph and it possesses a few 
amoeboid cells with prominent nuclei. 

Nervous system 

The nervous system is well developed in 
honey bee. These insects possess extremely 
powerful sense organs and are well known 
for their power of communication which 
serves as the basis of their social life. The 
gentral nervous system in honey bee in- 
cludes (a) prominent supra-oesophageal 
ganglion on the dorsal side of the head 
which is formed by the fusion of several 
ganglia, (b) sub-oesophageal ganglion on 
the ventral side of the oesophagus is formed 
by the union of three pairs of ganglia and 
(c) a double ventral nerve cord, which 
begins from the sub-oesophageal ganglia 
and runs along the mid-veptral line up to 
the posterior end of the abc|omen. On each 
side the supra-oesophageal ganglion is con- 
nected with the sub-oesophageal ganglion 
by a connective. The ventral nerve cord 
along its path bears three pairs of thoracic 
ganglia and four (in drones and females) or 
five (in workers) pairs of abdominal ganglia. 
The peripheral nerves are given from 
these different ganglia. From brain, the 
paired optic nerves arise as broad pro- 
jections. The important sense organs are 
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antennae and eyes . The antennae bear spe- 
cial receptor cells for detecting smell and 
measuring distances. Both the simple and 
compound eyes are present. The simple 
eyes are meant for detecting the intensity 
of light while the compound eyes are res- 
ponsible for vision. It has been shown 
experimentally that honey bees have spe- 
cial power for selection of colours. It can 
detect a few more colours in the infra-red 
and ultra-violet zone of the spectrum, 
which are invisible to the human eye. 

Reproductive system 

The functional females are known as 
queens while the males are called drones. 
The workers are sterile females. 

Male reproductive system. In drones, 
a pair of testes is connected with I a 
pair of narrow tubes, each of which is 
called vas deferens. The outer end of 
the vas deferens dilates into a seminal 
vesicle through which it opens within the 
ejaculatory duct . The copulatory apparatus is 
connected with the terminal end of ejacu- 
latory duct. A pair of prominent mucous 
glands open at the point of union. When 
matured, the sperms come out of each 
testis and crowd near the end of the 
ejaculatory duct. The sperms are trans- 
ferred to the females in packets, called 
spermatophores. 

Female reproductive system. In the 
queen, the paired, tubular ovaries are pre- 
sent. In the matured state the ovaries are 
large and conspicuous. Each ovary con- 
tains several tubes and each tube contains 
eggs at different stages of maturity. Each 
ovary communicates to an oviduct and the 
two oviducts unite to form a common 
oviduct . The inner end of the common 
oviduct is connected to a round vesicle 
called spermatheca . The oviduct finally 
opens to the exterior through a copulatory 
pouch. 

Mechanism of reproduction. Each 
hive contains one matured queen, several 
drones and innumerable workers. During 
reproduction, the queen performs a nup- 
tial flight with several drones. The drone 
which copulates with the female loses its 
copulatory apparatus and ultimately dies. 
The sperm cells remain stored in the sper- 
matheca of the female. The queen after 
returning to the hive starts laying eggs. 
The fertilization occurs only at this stage. 
The queen lays both unfertilized and fer- 


tilized eggs. The entire process is believed 
to be either under the voluntary control of 
the female or by the size of the cell of the 
hive, where the egg is laid. 

Development and Life history 

The larvae hatch out of the eggs three 
days after laying (Fig. 16.78). The unfer- 
tilized eggs become drones and the fer- 
tilized eggs become either females or wor- 
kers. The population of male, female and 



Fig. 16.78. Diagrammatic sectional view of the 
hive. Note different developmental stages within 
the cells of the hive. 


workers in a hive are controlled by diff- 
erential feeding of the larvae. The con- 
trolling function is done by workers. The 
future workers arc fed with only honey. 
The would-be drones are given a mixture 
of honey and pollen grains (called the bee- 
bread) and the future queen is given the 
special food, ‘Royal jelly 5 . The larva 
which is selected to become queen, is 
taken before the third day of development 
in a special chamber called queen's chamber . 
It is fed continuously for five consecutive 
days with royal jelly. I h results into the 
enormous increase in size. The larva at 
this stage produces a cocoon around its 
body and enters into pupa stage. Inside the 
cocoon, rapid transformation takes place 
and finally the adult gets out of the cocoon 
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by cutting it. If several queens are pro- 
duced, only one survives and others are 
eliminated. The queen comes out at the 
end of fifteenth day, the workers after 
twenty- one days and the drones after 
twenty-four days. The worker bees after 
coming out of the pupal case start working 
and their duties are changed with the 
advancement of age. The different works 
done by a worker bee is given below: 

From 1st to 3rd day — it cleans the 
compartment of the hive where it was born 
for using them again. 

From 4th to 9th day — it works as a nurse 
and feeds the larvae with its own secretion 
or by honey produced by others. 

From 10th to 11th day — it acts as a 
builder and constructs new cells in the hive 
by the wax produced by the wax glands. 

From 17th to 19th day — it collects the 
nectars from the bees which bring it from 
the outside and converts it into honey. At 
this time, it also helps to cool the hive by 
fanning the wing. It also removes debris 
from the hive to clean it. 

From 21st to 25th day — it works as a 
soldier and protects the hive from the inva- 
sion of enemies including the bees from the 
other hives. 

From 25th day onwards — it starts to go 
out of the hive for collecting nectar and 
pollen from flow’ers. It is then knowri as 
forager. Life of a worker bee is about six 
weeks in European countries. 

Economic importance 

The use of honey and wax is known to 
man for a long time. As these two pro- 
ducts coine from beehive, the honey bees 
are considered by man as economically 
important. Bees are very economically 
important in connection with pollination 
to agriculturists. The abdominal body 
hairs and hairs distributed all over the 
surfaces of their legs are mainly respon- 
sible for collecting the pollen grains. The 
pollen grains are transferred from one 
flower to other during their honey 
collection and thus cause pollination. The 
bees while foraging, collect nectar and 
pollen from flowers. Within the hive, 
the worker bees drink the nectar. Inside 
their honey sac, by the action of special 
enzyme, the cane sugar part of the nectar 
i$ converted into glucose ( dextrose ) and 
fructose ( leevulose ). Constitution of honey: 


454 g of honey contain 165 g fructose 
(fruit sugar), 142 g glucose, 9 g 
sucrose, 85 g moisture, 7 g dextrine 
and gums, 1 g of Fe, Ca, Na and about 
4% undetermined substances. The honey 
thus formed is regurgitated and stored 
in the hive for future use. The honey 
is regarded as antiseptic and is believed 
to have profound medical importance. 
Food value of honey: 454 g of honey is 
equal to 1*6 kg of potato or 2‘0 kg of 
grapes or 1*4 kg of bananas or 6*0 kg of 
cauliflower or 2*3 kg of apples. It is also 
a very powerful tonic and compared to 365 
u.g. — Vit. B (Thiamin), 268 u.g. — Vit. 
G (Riboflavin), 18 mg — Vit. G (Ascorbic 
acid) or O’ 60 mg — Nicotinic acid. The 
wax is produced by the wax gland of 
worker bees and is used to construct the 
hive. Two other products, propolis and 
balm , are also collected from various parts 
of the plants and are used in the construc- 
tion of hive. The propolis is used as 
cement to bind broken parts and the balm 
is taken for polishing inner walls. 

Language of honey bee 

Bees are known to have some method of 
communication amongst themselves. As 
soon as one bee finds a source of nectar, it 
immediately conveys the source and direc- 
tion of the source to other bees of the 
same community. They perform certain 
rythmic movements and emit odours that 
are easily received by other bees. When 
the source is nearer to hive, reporter bee 
performs a round dance , turning in a circle, 
once to left then to right and repeating 
the same movement for l | minute in one 
place. If the source is further away, the 
reporter bee performs a tail wagging dance (Fig. 
1 6. 79) . It runs towards the direction straight 
ahead for a short distance, wagging the 
abdomen, make a 360° turn towards left, 
run ahead once again arid turns right. 
This is repeated for several times. These 
dances are closely watcher^ by other bees 
in the hive and then im|nediately they 
come out in search of the source. 

Odours play a vital role iji their commu- 
nication. Sudden death of queen bee is 
relayed to 60,000 or more bees of the hive 
in less than an hour. Healthy queen secrets 
an aromatic substance called ‘queen subs- 
tance’ which is licked off by her nurse bees, 
when the queen dies the secretion stops 
and the absence of the queen substance is 
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Fig. 16.79. Showing communicating system in honey bee through dancing. 
A. Round dance. B. 'Fail wagging dance. 


immediately relayed to all the members of 
the colony. The message being conveyed 
to all members of the colony they at once 
set about the vital task of rearing a new 
queen. 

Example of the Phylum Arthropod a- — 

SILKWORM 

The importance of silkworm in silk pro- 
duction was known in China during 3500 
B.C. and was later smuggled throughout 
the world. Silk industry is based on a pro- 
duct released by the silkmoth. The rearing 
of the silkmoth and production of silk is 
known as sericulture . The silkworm which 
produces the common silk is scientifically 
known as Bombyx mori. It belongs to the 
order Lepidoptera under the Glass Insccta. 
Several other forms Bombyx texlor , Bombyx 
fortunatux , Bombyx meridionalis are well 
known in our country". Certain silks of 
inferior quality, e.g. Muga, Tussore, etc. 
are produced from silkworms which are 
known as Antheraea assamensis and Anthemed 
mylitta respectively. 

Habit and Habitat 

The silk-producing moth Bombyx mori is 
now available in completely domesticated 
form (Fig. 16.80). The adult moths seldom 
eat and are primarily concerned with 
reproduction. Their larvae are voracious 
eaters. They feed on the leaves of mulberry 
trees (Morus indica, Morus serrata , Morns 
levigata ). Some moths are single-brooded 
or univoltine and others are many-brooded 
or multivoltine. There Is definite life cycle 
which involves the appearance of stages 
completely different from the adult. Such 
transformation is known as complete 
metamorphosis. The different stages 


are — adult, egg , caterpillar larva , pupa and 
imago. 

Adult moth. The adult moths are 25 
mm in lepgth and the span of wings is 
40-50 min’/ The female silk moths are larger 
than the males. The univoltines are larger 
than the multivoltines. Usually whitish in 
colour and in some forms specially the 
males have grey marks on their wings. 
The body is distinctly divisible into three 
tagmata — head , thorax and abdomen. The 
head contains distinct eyes and feathery 
antennae , the later being larger in males. 
Three pairs of legs and two pairs of wings 
are present in the thoracic region. Female 
moths do not have any mouth. They 
rarely move. Internally, the body contains 
well-developed excretory and reproductive 
systems. The digestive system is poorly 
developed. The excretory organs are three 
pairs of Malpighian tubules. There are three 
such tubules on each side. A duct from 
each side unites together to form a common 
tube which opens into the stomach at its 
posterior end. In males, the paired testes 
are lodged within a capsule. From each 
testis originates a duct called vas deferens 
which inflates immediately after its origin 
to form a seminal vesicle. Posteriorly the two 
vasa deferent ia unite to form a much 
coiled ejaculatory duct which opens to the 
exterior through the genital opening. In 
the female, each of the paired ovary con- 
tains four egg tubes. From each ovary 
arises an oviduct; the two oviducts unite to 
form a common oviduct . There ar &two female 
genital apertures — through one opens the 
oviduct and through the other communi- 
cates a large sac-like copulatory pouch. A short 
tube links the pouch with the oviduct. 
This tube is called seminal duct. A portion 
of it is dilated to act as spermatkeca . 
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Fig. 16.80. A. Dorsal view of a male silk moth (Bombyx mori). B. Female silk m3th ( Bombyx 
mori) laying eggs. G. A Mulberry leaf — food of the worm. All the three figures arc diagrammatic. 


Both the sexes are provided with 
accessory glands which open within the 
genital ducts. A scent gland is present at the 
terminal end of the female abdominal 
cavity. Its secretion attracts the males of 
the same species. During copulation, the 
male sits on the back of the female and 
grips it tightly by its chitinous hooks. Such 
pairing lasts for three hours. This is imme- 
diately followed by egg laying. The sperms 
enter through a sinail opening on the egg 
called the micropyle. But the actual fusion 
of male and female pronuclei occurs two 
hours after laying. Parthenogenesis , i.e. deve- 
lopment of egg without the participation 
of sperm, is also common in silk moth. 

Eggs. The colouration, size and weight 
vary in different species. The eggs are 
small, oval and usually slightly yellowish in 
colour. The egg contains a good amount of 
yolk and ’is covered by a smooth hard 
chitinous shell. Approximately 500 eggs 
are laid in 24 hours. In some forms the 
eggs are glued on the surface of the leaf 
by a product secreted from a special gland. 
The univoltine broods hatch after one 
year but the raultivoltine broods come out 


after 10-12 days. From the egg hatches 
out a larva called caterpillar , which has 
no resemblance to the adult. 

Larva. Each larva is 3 mm in length 
and is provided with a thick hairy covering 
(Fig. 16.81 A). The colour is usually grey- 
ish brown but the colouration. changes in 
course of development. The larva possesses 
a prominent head y distinctly segmented 
thorax and elongated abdomen . A conspi- 
cuous crescent spot is present on the dorsal 
side of the sixth segment. 

The head is formed by the fusion of 
three segments. At the anterior end a 
triangular area is formed by 4 pair of oval 
lobes. The mouth parts include a pair of 
strong mandibles , a pair of ftps, a pair of 
maxillae and two pairs of piaxillary and 
labial palps. The head also b$ars a pair of 
antennae and six pairs of ocelli . A distinct 
hook-like structure, the spinneret , is present 
for the extrusion of silk from the inner silk 
gland . 

Each of the three thoracic segments bears 
a pair of legs having three articulations. 
The tip of each leg has a recurved hook 
for locomotion and ingestion of leaves. 
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The abdomen is divisible into ten seg- pink or green. The colour of the silk de- 
ments of which the first nine are clearly pends upon the colour of the blood, 
marked while the tenth one is indistinct. (4) Nervous system. The nervous system 
The third, fourth, fifth, sixth and ninth includes a pair of cerebral ganglia as 
abdominal segments bear abdominal brain and a paired ventral nerve cord 
appendages called false legs. Each leg is carrying twelve ganglia in its path. The 
retractile and more or less cylindrical. sense organs are present as six pairs of ocelli 

The body of the caterpillar contains fol- for detecting light and numerous sensory 

lowing internal structures (Fig. 16. 8 IB): receptors on the maxillary and labial palps. 



Fig. 16.81. Larva of silkworm moth, Bombyx mori (after Chowdhury). A. External features — 
lateral view. B. General viscera, dissected specially to show the silk gland (lateral view). 


(1) Alimentary system. The alimentary (5) Silk gland. These unique and cons- 

canal is prominent and includes a short picuous glands are paired structures, which 

oesophagus, a spacious stomach, much are present in the fourth to eighth segments 

coiled and long intestine and a swollen of the larva. When fully formed each gland 

rectum. A pair of salivary glands open by becomes fiv e times the length of the larva 

a common salivary duct to the mouth and its weight becomes two-fifths of the 

cavity and serve as a digestive gland, body weight. Each gland is divisible into 

(2) Respiratory system. Tracheal trunks three sections — the anterior, middle and 
open to the exterior by nine pairs of spi- posterior (Fig. 16.82). The middle part is 
racle. First pair are present on the first broad and called the reservoir. The 
thoracic segment and remaining pairs are anterior and posterior parts are pointed at 
situated on the first eight abdominal seg- their two ends. The two anterior ends of 
ments. (3) Circulatory system. The heart the glands unite to form a common duct 
is present immediately ‘above the alimen- which opens through a spinneret. The 
tary canal along the mid-dorsal line of the posterior part produces a protein called 
body cavity. It is a transparent contractile fibroin around which the middle part puts 
tube also known as the dorsal vessel. The an envelope called sericin. The silk is re- 
blood is usually colourless but may be leased in a liquid state, which soon har- 
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dens, A pair of accessory glands called the 
glands of filippi or Lyononet’s glands open 
into the duct of the silk gland. The secretion 
of this gland mixes with that of the silk gland 



and probably lubricates the inner and 
outer cores of the silk. (6) Reproductive, 
system. The reproductive organs arc very 
minute and their ducts are indistinct. 

Transformation of larva. The larva 
is a voracious eater. In the beginning, 
chopped young mulberry leaves arc given 
as food, but with the advancement of age 
entire and matured leaves are provided as 
food. The routine of caterpillar includes 
only two activities — eating and sleeping. 
It grows fantastically and increases, 10,000 
times in weight from newly hatched state. 
Such growth involves the consumption of 
mulberry leaves which are 30,000 times 
more than its body weight. The growth 
requires the replacement of exoskcletal 
covering and the larva within its 30-40 
days life does the same for four times. 
Such removal of the old exoskeleton is 
known as moulting. At the time of moult- 
ing, the larva does not take any food and 
places its head upwards. This phase is very 
critical in the life of larva. At the end of 
fourth moult a fully formed larva with 
matured silk gland becomes transparent 
and golden brown in appearance. At this 
stage the larva ceases to eat and starts 
spinning silk around its body from outside 
to inside (Fig. 16.83). In order to make a 



Fig, 16.83. Cocoon 'formation by the larva of silk- 
worm moth. 1~4. Different stages of cocoon forma- 
tion. 5. Fully formed cocoon. 6. One half of the 
cocoon is removed to show the position of the 
pupa. Entire cocoon is formed by a single thread 
of silk and silk is obtained by unreeling the thread. 
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complete covering the larva rotates 60,000 
to 300,000 times and the silk is liberated 
at the rate of 15 crn per minute. This 
covering, called the cocoon, is formed of a 
continuous silken thread of 400 -1500 
meters long. The caterpillar takes 3-4 
days to complete a cocoon within which 
the larva, now known as pupa, remains 
completely immobile. A cocoon may be 
of varied shapes and colours. The cocoon 
formed by a male moth is lighter in colour 
than that of a female and contains more silk. 

Pupa. It is covered by a hard shell. It 
generally remains immobile, but can 
change its position by the contractile 
movement of the last few abdominal seg- 
ments. Within the pupa, considerable 
activity takes place. The old structures of 
pupa are broken down by a process called 
histolysis and new pails of the adult are 
prod iced. Gradually within the cocoon, 
pupa transforms into a stage called imago. 
For the purpose of breaking the cocoon, 
the imago liberates a liuid which dissolves 
the covering at one end. The emergence of 
adult takes place after 10 days of pupal 
life (Fig. 16.64). 

Factors influencing the life cycle. 

The life cycle of silkworm is influenced by 


physical factors like temperature, light and 
humidity. These factors in one hand con- 
trol the growth of the worm and at the 
same time determines the quality of the 
silk. The univoltines are more susceptible 
to temperature changes than the multi- 
voltine forms. 

Extraction of silk. The continuous 
silken thread which builds the cocoon 
serves as the source of the silk of our re- 
quirement. As the adult emerges from the 
pupa, the continuity of tins thread is torn. 
For this reason, a few selected cocoons are 
retained to serve as ‘seed’ to maintain 
the population and the rest is destroyed for 
the extraction of the silk. Usually the male 
cocoons are selected from their sex-linked 
skin markings for getting more silks. For 
the purpose of extraction, the cocoons 
which are tfcn days old are immersed in 
hot water. Such treatment kills the inner 
pupa. The killing is also done by steam- 
ing or dry heat or fumigation. The killing 
is followed by assortment of cocoons on the 
basis of their colour and texture. The 
treatment of heat for killing also removes 
the binding material or gums of the 
silk fibres. Then the thread is skilfully 
unreeled. Threads drawn from several 


Fig. 16.84. Life history of silkworm moth— A. Adult moth. B. Eggs. C. Newly bom caterpillar. 
EKJ. Different stages of larva, H. Pupa inside cocoon (part of the cocoon is removed). 
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cocoons form the raw silk. Such silk is then 
treated variously to make it ready for 
spinning. Nearly 25,000 cocoons arc re- 
quired to get a pound of silk and the annual 
production of silk throughout the world is 
nearly 50 million pounds. 

Composition of silk. Silk is the sec- 
retory product of silk gland. The silk thread 
is composed of proteins. It has an inner 
core of fibroin (C 30 H 46 N 10 O 12 ) and an outer 
enveloping layer of sericin (C 30 H 4 ,jN 10 O 16 ). 
The silk is secreted as a liquid which be- 
comes hard immediately upon being ex- 
truded. The colour of sericin corresponds 
with that of the blood, whereas the fibroin 
is always white. The silk thread consists 
of 75-80% of fibroin and 20-25% of 
sericin. 

Modern sericulture. There are cer- 
tain measures which are followed to irn- 


(a) plantation, ( b ) regular prun- 
ing, 

(ii) Maintaining of proper stock of 

silk moth. 

(iii) Rearing of eggs, larvae and cocoons. 

(iv) Precaution against diseases attack- 

ing at different stages of life cycle, 

(v) Extraction of silk, 

(vi) Economy involved in this industry. 

Sericulture can be grouped in two 
major heads 

(i) Mulberry silk culture -Pure silk. 

(ii) Non-mulberry silk culture — Endi, 

Muga, Tussar, etc. 

Problems of sericulture. Silk indus- 
try requires silk as well as new generation 
of worms. It involves in one hand modern 
techniques for extracting and processing 


Table 3 — Arthropoda 

Names of the different stock, food plants and their place of availability 

in India 



Name of insect 

Food Plants 

Culture 

Production 

area 

A. Mulberry 
silk 

Bombyx mori L. 

(Mulberry plants) 
Morns allu 

Silk culture 

I 

Kashmir, Mysore 
W. Bengal (Ban- 
kura, Mur- 

shidabad and 
Maid a) 


ii) Philosamia 
cynthia 

' 

( Castor plants) 
Ricinns communis 

Sericulture 

Assam, W. Ben- 
gal (Malda, 

Bankura) 

B. Non-mul- 
berry silk 

(ii) Anther aea 
assarna 

(Saalu) 

Lit s aea polyantha 
(Chapa) 

Michelia oblonga 

Muga cul- 
tu re 

Assam, Mysore, 
W. Bengal, 
(Murshidabad, 
Bankura) 


(iii) Anther aea 
paphia and 

Anther aea mylitta 

• 

! 

i 

(Arjuna) 

Terminalia arju - | 
na, (Sal) 

Shorea robusta, 
(Phutuka) 
Melastoma mala - 
bathricum 

Tussar cul- 
ture 

i 

Madhya Pradesh, 
Assam, W. 

Bengal (Ban- 

ktira, Malda) 


prove the cultivation of silk worm to si! k and on the other hand better methods 
obtain good quality silk. foi rearing silk moths. In countries like 

(i) Cultivation of food plants for silk- Japan and Italy significant researches have 
moth larvae been carried out to improve the genetic 
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qualities of the silkworm for yielding of human habitations specially with non- 
better silk at a low cost. This profitable hygienic conditions. The open drains, 

industry is often menaced by various garbages, kitchen and pantries are the 

diseases resulted from the infections favourite residing and breeding places of 

Table 4 — Arthropoda 

Common Diseases of Silk Worm and their Controlling Methods 


Name of the Nature of 

DISEASES THE DISEASES 

Muscardine Fungal, produces va- 

rious colour mar- 
kings along the skin. 

Pebrine Protozoan ( Nosema ), 

transmitted through 

egg- 


Flacherie Bacterial. 


Grassarie Viral. 


of virus, fungus, bacteria and protozoa. 
The table 4 — Arthropoda shows the parti- 
culars of some common diseases and their 
remedies. 

Example of the Phylum Arthropoda — 

HOUSE-FLY 

Usually, the insects considered injurious 
arc those which bite or sting. The house- 
fly can neither bite nor sting, yet it is con- 
sidered as one of the most notorious of all 
the harmful insects. These flies endanger 
human lives by carrying germs of various 
diseases. The common house-flies of our 
country are Musca vicinia and Musca 
neb alia. One, which is described here is 
scientifically known as Musca domestica and 
it is also common in Europe. 

Habit and Habitat 

The house-flies are daytime visitors 


Symptoms 

Controlling 

Worm becomes hard. 

methods 

Maintenance 

of 


stocks which 

are 


resistant to 

the 


disease. 


Undernourished lar- 

Treatment of 

eggs 

vae atrophy. Pro- 

with warm 

water 

duction of lesser and 

(47°G). 



defective silk. Death 
of embryo. 

Physical disability Careful rearing of 
and softening of the improved stocks in 

skin. healthy condition. 

Affects moulting. General cleanliness 
Skin becomes ycl- and separation of 
low and blood turns affected worms, 
into milky in appea- 
rance. 


the house-fly. The house-flies have special 
fascination for sitting on hanging or 
stretched ropes and wires. At night innu- 
merable flies arc seen to be sitting on 
such ropes and wires. The house-fly, 
being smart and agile, gives frequent 
flying visits to other parts of the house and 
sits over uncovered foods. Such visits 
bring various gerrns with its body and 
contaminate human foods. 

External structures 

The grey coloured body has yellowish 
tinge on the ventral side. The dorasl side 
of the thorax has four elongated lines (Fig. 
16.85). The abdomen possesses* a single 
streak on the mid-dorasl line. As in other 
insects, the body of house-fly consists of 
three tagmata — head , thorax and abdomen. 

Head. The head of the house-fly is small 
and semicircular in outline. A pair of much 
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prominent compound eyes each containing 
nearly 4000 ommatidia and three small 
simple eyes or ocelli are present. The 
appendages include the antennae and 
mouth parts. The antennae are paired, 
short and flexible. The distal segment of 
the antenna is the largest one which con- 
tains a brush- like arista . The mouth parts 
are well developed and facilitate in its 
peculiar way of feeding. The type of mouth 
parts found in this animal is called spongin 
type which contains two portions — (a) pro- 
boscis and ( b ) food channel . The proboscis, 



formed by the fleshy and retractile labium, 
may be separated into three parts — 
(i) basiproboscis or rostrum , ( ii ) mediprobos - 
cis or haustellum and (iii) distioproboscis or 
labellum . The rostrum carries in front a 
pair of maxillary palps. The middle part 
is movable and powerful. The last part is 
extended as a pair of membranous oval 
and spongy oral lobes or labella , which is 
traversed by numerous channels called 
pseudotracheae, opening externally along the 
margin. All these pscudotracheae open 
distally in a single aperture, called the 


mouth. The mouth is situated at the tip 
of the next part known as food channel. 
The food channel is formed by the parti* 
cipation of labrum, epipharynx and 
bypopharynx. The notable feature in the 
mouth parts of house-fly is the absence of 
mandible, the function of which is taken 
up by rows of teeth like serrations in the 
undersurface of oral lobes. 

Thorax. Three segments are not clearly 
demarcated in this tagma, which bear 
three pairs of legs and two pairs of wings. 
Three pairs of walking legs have typical 
insect-like divisions. The terminal end of 
each leg is provided with a pair of curved 
claws. In between the curved claws lie a 
pair of glandular pads called pulvillae 
having numerous hollow hairs. Through 
these hairs a sticky substance comes out 
which helps in walking. Numerous hairs 
and bristles occur throughout the surface 
of the legs. There are specialised sense 
organs in the tarsus of each leg. When 
these tarsi come in contact with sweet 
water the proboscis protrudes out. Of the 
two pairs of wings, only the anterior pair 
is prominent, broad, transparent, hairy 
and triangular. The posterior pair is 
modified into stick like halters which work 
as sensory and balancing organs. When at 
rest the wings fully covet* the abdomen 
and during flight they vibrate rapidly 
to produce a typical sound. In the 
adult males, the ability to fly lasts only 
for 2 weeks. 

Abdomen. It is oval, hairy and segment- 
ed. In females there are nine segments but 
the males have eight. In the females, four 
segments from the 7th to 10th participate 
in the formation of retractile ovipositors 
for laying eggs. In males, the last four 
segments form a genital pouch and other 
associated structures. 

Inner structures 

A 

The muscular system j specially, the 
flight muscles, are well developed. The 
flight muscles constitute tfce 11% of its 
body weight. The alimentary canal is 
long and carries distinct diverticulum 
and crop. The crop is bejicved to have 
sucking ability. The respiratory system 
is represented by 10 pairs of spiracles, 
longitudinal tracheal trunks and their 
segmental branches. A pair of large dilated 
base in the abdomen is khown as aerostats. 
Of the ten pairs of spiracles, the eight pairs 
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of abdominal spiracles are simple in cons- 
truction. The two pairs of thoracic 
spiracles are specially modified and are 
supposed to act as sound producing organs. 
The network of tracheae has reduced the 
haemocoelomic space. Such spaces are 
confined near the wing muscles and are 
filled up with blood containing carbo- 
hydrates and oilier reserve fuels. The 
function of excretion is carried out by four 
elongated Malpighian tubules. The fusion 
of thoracic segments has led to the con- 
densation of nerve cord. 

Mechanism of feeding. It ingests liquid 
food. The solid foods like sugar arc 
moistened by its saliva and are taken in a 
dissolved state. During ingestion the fly 
extends the proboscis and immerses the 
labella within the food. The pseudotra- 
chcae of the labella are filled up with the 
liquid food by capillary action. The suck- 
ing action of muscular pharynx draws the 
food inside the food channel. The crop is 
filled up with la.gc volume of food, which 
enters to the mid gut slowly. 

Life history 

Copulation continues for a couple 
of minutes. The male grasps the dorsal 
side of the female with the help of pro- 
and mesothoracic legs. The female fly 
inserts its ovipositor within the genital 
atrium of the male. 

A week after copulation the female fly 
starts laying eggs. After one copulation, 
eggs are laid in 5 or 6 batches, each 
consisting of 100 -200 eggs. For the laying 
of egg it requires a medium containing 
sugar, protein and water. With the help 
of its ovipositor the female fly digs organic 
manures, debris, decaying fruits and vege- 
tables. The white eggs are elongated and 
have curved dorsal thickening. The eggs 
hatch within 8 24 hours and a larva called 
the maggot or gentle comes out of the egg by 
making an elongated slit on the dorsal 
side. Sometimes the hatching is completed 
immediately after the laying of egg. The 
maggot is white and 2 mm in length. Its 
anterior end is narrower than the posterior 
md. There is no sign of head, legs and 
wings in the maggot. The body is divisible 
into thirteen segments* of which the an- 
terior segment is rudimentary and contains 
two oral lobes. Each oral lobe has two sen- 
sory tubercles and a number of branched 
food channels. The mouth is placed bet- 
27 [vol. i, 76 ] 


ween the two oral lobes. On the anterior end 
of the mouth, there is a hook-like mandi- 
bular sclente which also helps in locomo- 
tion. Each segment from sixth to twelfth, 
possesses semilunar spiny structures 
called seminiferous pads on its ventral side. 
These are structures for locomotion. On 
the mid-dorsal position of the twelfth 
segment, a pair of D-shaped spiracles com- 
municates with the inner tracheal trunk. 
In course of its rapid growth, the larva 
moults twice and a pair of fan-shaped 
spiracles develop on the dorsal side of the 
third segment. The maggot after its full 
growth contracts and enters into the stage 
of pupa . A hard case is formed around 
the body from which only the spiracles 
remain projected outwards. Inside the 
covering rapid change takes place. Except 
the nervous system all the larval struc- 
tures are ^broken down by a process 
called histolysis. New structures are 
formed from special groups of cell called 
irnaginal discs. When fully formed the young 
fly forces open a lid at the anterior end of 
the pupal case and comes out. The newly 
emerged fly is colourless and with rudi- 
mentary wings and short legs. But within 
a short period, swelling and elongation 
of different parts occur. Thus the indivi- 
dual becomes transformed into an adult. 

Control of flies 

The house-flies endanger human life by 
contaminating foods and drinks with 
germs of various diseases. These germs 
conic along with its body and also with 
the excreta and regurgitated products 
of the flics. All preventive measures 
adopted against the house-fly are two- 
fold -against the adult fly and against 
the larvae and maggot. 

(i) Against adult flies. The flies prefer 
filthy places, thus it is necessary to main- 
tain general cleanliness in and around the 
houses. The uses of insecticides specially 
the use of poisonous threads help to 
reduce the number of flies. But most 
important is to keep all the foods and 
drinks under cover so that the flics may 
not sit over it. 

{ ii ) Against larvae amt maggot. 'The flies 
can only be erradicated properly by taking 
measures against its larvae and maggot. 
'The favourite breeding places of the fly 
should be cleaned and treated with insec- 
ticides. It must be remembered that the 
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measure which is adopted against adult 
fly can produce more significant result if 
taken against its breeding places. 

Example of the Phylum Arthropoda- - 

MOSQJJITO 

The mosquitoes arc probably the most 
notorious insect, which not only act as 
carriers or vectors of various diseases but 
also are extremely disturbing specially 
during sleep. Following types of mosqui- 
toes are well known: (A) Anopheles sp. — 
vector of parasites causing malaria. (B) 
Culex sp. — vector of parasites causing 
malaria in birds and filariasis in man. 
(G) Stegomyia sp. — responsible for carrying 
germs of yellow fever. (D) Aedcs sp. — 
causes a fever called Dengue. 

Habit and Habitat 

Mosquitoes live in swarms and prefer 
to stay in tropical damp areas. These 
insects are said to be nocturnal but 
are also found to be active in daytime. 
It shows preference to dark colour. 
The male mosquitoes are vegetarian 
and live upon plant saps. It is the fe- 
males which are sanguinivorous and suck 
blood from most land-living vertebrates 
including man. Any source of stagnant 
water serves as their breeding place and 
life cycle includes larval stage which are 
totally dissimilar from the adult. Thus the 
metamorphosis is complete. 

External structures 

These small sized insects have the body 
divided into head, thorax and abdomen. 
A short neck connects the head with the 
thorax. 

Head. The head is small and more or 
less round. It contains following structures: 
(i) a pair of prominent bean-shaped com- 
pound eyes, (ii) in front of compound eyes 
a single triangular lobe called clypeus is 
present. It carries a pair of elongated 
antennae , one on each side of the head. 
The antennae arc bushy in males. (Hi) The 
mouth is provided with appendages called 
mouth parts or trophi. (Fig. 16.86). The 
mouth parts in males are for sucking but 
in females these are adapted for piercing 
and sucking. The different appendages 
form a structure called proboscis. The pro- 
boscis is well developed in females. It con- 
sists of — (a) one pair of needle-like mandibles 
having sharp tips, (b) one pair of needle- 


like first maxillae with sharp serrated tips. 
Each first maxilla carries a segmented 
maxillary palp on the outer side of the 
proboscis. The maxillary palps are longer 
in males than females, ( c ) one pair of second 
maxillae are united to form labium . A groove 
is present on its upper side and its terminal 
end bears the white leaf-like lobes called 
labellae having numerous sensory hairs 
at the free end. (d) The labrum and epi- 
pharynx are fused to form a single struc- 
ture with free sharp end. A groove is 
present on its lower surface. ( e ) A 
chitinous blade-like hypopharynx with poin- 
ted tip, bears the opening of salivary 
gland at its base. 



Fig. 16.86. Head of a female mosquito (dia- 
grammatic and much enlarged). Mouth parts 
are separated to show the details. 


The hypopharynx and epipharynx unite 
to form a tube through which blood is 
sucked. Labellae of the labium rest over 
the skin, the mandibles cut the skin and 
first maxillae, epipharynx and hypopha- 
rynx enter within the skin. In males, 
mandibles are absent and hypopharynx 
is fused with the labium. 

Thorax. It consists of one large (meso- 
tliorax) and two small segments (prothorax 
and metathorax). The thorax carries one 
pair of wings and three pairs of walking 
legs, one pair in each segment. The legs 
are built up in typjeal insect pattern, but 
tarsus is long and coxa is short in each leg. 
The wings are borne on the meso thoracic 
segment (second thoracic segment) and 
are effectively used in flying. They are 
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spotted in Anopheles . Second pair of 
wings are extremely small, ill-developed 
and modified as the halters and these are 
used as balancing and sensory structures. 
In Culex , the wings beat at the rate of 
278-307 per second. The lateral side of 
the thorax carries stigmata. 

Abdomen. Abdomen is long and narrow. 
It is covered by scales which arc arranged 
in an imbricate fashion. Only the females 
contain abdominal appendages in the form 
of pair of knob-like ovipositor. The eighth 
segment carries anal opening. Repro- 
ductive opening is present on the ninth 
segment. 

Inner structures 

The ALIMENTARY CANAL (Fig. 16.87) 
consists of (a) mouth. This contains 
several appendages and it leads to the 


lobes, are the digestive glands of mos- 
quito. These are placed below the alimen- 
tary canal and remain in the thoracic 
region. 

The alimentary canal is adapted for 
taking a heavy meal. The saliva, produced 
by salivary glands, contains enzymes 
which prevent coagulation of blood. The 
blood is sucked by the pumping of pharyn- 
geal wall and after mixing with saliva is 
stored in the oesophageal reservoirs. It 
then passes through the stomach and 
intestine. 

The heart of Anopheles is muscular but 
non- neurogenic. Iri the heart of Culex pos- 
terior ostia arc present and its blood con- 
tains four types of proteins. In comparison 
to its size the eyes are quite large. In Culex > 
each facet of the eye measures up to 16 
fin i. Another feature also observed in 



Fig. 16.87. Alimentary system and associated stri .:tures of a mosquito. 


pharynx; (. b ) pharynx. It works as a 
pumping organ to suck the fluid; (c) 
oesophagus. It is a narrow straight 
tube with three reservoirs or diverticula. 
Two anterior oesophageal diverticula and one 
large posterior oesophageal diverticulum are 
present at the anterior and at the pos- 
terior ends respectively. The oesophagus 
leads to the stomach and the opening is 
guarded by an oesophageal valve, (d) mid 
out or stomach. It is a straight tube 
running up to liind gut. In between mid 
gut and oesophagus thick-walled Proven - 
triculus is present. Ncifr the junction of 
mid and hind gut, numerous thread-like 
Malpighian tubules open; {e) hind out or 
intestine runs straight up to the anus. 
Two sets of salivary glands , each with three 


Culex is the relationship of rhabdomes and 
retinular cells. Here the rhabdomes are 
attached with the cytoplasm of retinular 
cells only at the proximal end. The sen- 
sory structures are well developed. The 
adult mosquitoes can discriminate dis- 
tilled water and Nad solution by tarsal 
chemoreceptors. The feeling of warmth 
is an important factor in finding out 
the host. 

Life history 

Fertilization is internal. Mating takes 
place during flighty * The sound pro- 
duced by a female mosquito attracts the 
flvmg males. After mating the female 
mosquito selects some stagnant water 
of low depth for laying eggs. The eggs float 
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in water. Anopheles eggs remain scat- 
tered and are provided with lateral air- 
floats (Fig. 16.88), the Culex eggs are 
arranged to form a raft (Fig. 16.89) by 
the movement of the hind legs of the 


female. These eggs remain attached with 
the raft by means of the surface tension of 
water. At the posterior end of each egg a 
water droplet condenses which is gradually 
absorbed in course of development. The 



adult 


Fig. 16.89. Life history of Culex mosquito. 
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larva which comes out of the egg is aquatic 
and its body is divisible into three parts — 
head , thorax and abdomen. The head possess- 
es a pair of lateral compound eyes and 
an opening called mouth. The mouth 
parts are represented by a pair of maxillae , 
a pair of mandibles and a bunch of hair-like 
feeding brushes. The larva eats algae and 
micro-organisms. The thorax is the broa- 
dest part and contains tuft of hairs. The 
abdomen consists of nine segments and has 
bundles of lateral hairs and a long and 
pointed siphon. The siphon contains 
air- tubes each of which has two spiracles 
and terminal flaps at the outer end. The 
secretion of a gland called peri-spiracular 
gland , around the spiracle, helps the larva to 
float on the surface of the water. The air- 
tubes are in connection with the inner 
branched network. The anal segment 
bears tracheal gills which carry on aquatic 


respiration. The anal papillae in larva 
constantly absorb water which is again 
eliminated as urine. The larval integu- 
ment plays an important role in aquatic 
respiration. The larva of Anopheles floats 
parallel to the surface of the water, but the 
Culex larva remains under water and only 
the terminal end of the siphon peeps 
through the surface of the water. The as- 
cent of larva depends upon the lack of 
oxygen and not on excess carbon dioxide. 
In course of development, the larva trans- 
forms into pupa. The pupa is mobile but it 
does not eat anything. The anterior part is 
broad and called the cephalothorax. The 
narrow abdomen contains nine segments. 
A pair of large fins on the eighth segment 
work as organs of swimming. The dorsal 
side of the thorax bears a pair of small 
respiratory trumpets, the openings of which 
are guarded by numerous hairs. 


Table 5 — Arthropoda 


Comparison between ANOPHELES and CULEX 


Features 

Anopheles 

Culex 

1. Eggs 

Laid singly and scattcredly. Each 
egg is narrower at both ends 
and is provided with lateral 
air-float which helps in floata- 
tion. 

Laid in clusters and are arran- 
ged to form a raft. Eggs are 
cigar-shaped and are devoid 
of air-float. 

2. Larva 

Lies parallel to the surface of 
water. 

Hangs perpendicularly down- 
wards in water and only the 
terminal end of the siphon 
peeps through the surface of 
w'ater. 

3. Pupa 

Possesses a short respiratory 
trumpet. 

Possesses a long respiratory 
trumpet. 

4. Adult 

At rest, the body makes an angle 
of 45° with the surface. 

Wings are usually spotted. 
Abdomen is usually without 
scales. 

Maxillary palps in both the sexes 
are almost equal in length to 
the proboscis. 

The last segment of the maxil- 
lary palp is club-shaped. 

• 

At rest, the body lies parallel to 
the surface. 

Wings are not spotted. 

Abdomen bears scales. 

Maxillary palps arc equal in 
length to the proboscis in 
male, but in females these are 
slightly smaller than proboscis. 

The last segment of the maxil- 
lary palp is not club-shaped. 

5. Carrier of 
parasite 

Females act as carrier of malarial 
parasites in man. 

Females act as carrier of mala- 
rial parasite in birds and 
filarial worms in man. 
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Within the pupa rapid transformation 
takes place; only a few cells produce the 
adult structure by using up most of the 
pupal material. The full-grown mosquito 
comes out by breaking the pupal skin 
along the dorsal side. Immediately alter 
coming out of the pupal case, the 
mosquito rests on the floating shell for 
a while to dry up and then takes oiF into 
the air. 

The biological organisation of different 
mosquitoes is basically similar. The diff- 
erences between Anopheles and Culex , two 
very common genera of mosquitoes, are 
shown in Table 5 — Arthropoda. 

Control of mosquito. By transmitt- 
ing various diseases, the mosquitoes not 
only endanger human lives but also in- 
capacitate millions of working hands. 
Therefore, all necessary measures should 
be taken against them. Following preven- 
tive measures arc usually adopted. 

1. Mosquito needs stagnant water (even 
a little collection of water on the surface of 
leaf is enough) for breeding. Thus mea- 
sures should be taken to clear all such sites 
where water-logging takes place. 

2. Spray of kerosene, detergents and i n- 
secticides in the breeding areas serve the 
purpose. 

3. Effective biological control can be 
done by introducing larvae-ealing fishes. 

4. Mosquito-nets and curtains should 
be used to prevent the bite of mosquito. 

SOME IMPORTANT INSECTS 

SILVER FISH 

These insects, Lepisma saccharin a (Fig. 
16.90A) are commonly seen in cup- 
boards and book-racks, where they 
devour starchy products. The body is 
small, flat and silver-coloured. The mouth 
parts arc adapted for chewing. The com- 
pound eyes are insignificant. In the exo- 
skeletal covering, the ventral sternites are 
not covered by dorsal tergites. The thorax 
is distinct and the pro thorax forms the 
largest segment of the body. The abdomen 
has ten segments. The eighth and ninth 
segments bear small appendages. The last 
abdominal segment carries at the posterior 
end a pair of long, many-jointed cerci and 
a long tail in between. The entire body is 
covered by shining scales. The excrement 
products are in the form of dry pellets. 
The heart hangs from the dorsal body wall 


by means of threads. The adults can 
moult and possess regenerating power. 

SP RINGTAIL 

These are small, soft and wingless in- 
sects (Fig. 16.90B), which live under 
fallen leaves, decaying vegetation and 
beneath the piles of logs and woods. 
The well-known genera are Bourletiella, 
Isolonia and Ncarura. Each antenna is made 
up of 4-6 segments and the antennae are 
responsible for perceiving warmth. These 
insects prefer moist places and such moist 
conditions are sought by determining the 
humidity of both ground and air. The 
compound eyes are absent but eight iden- 
tical simple eyes are present on each side. 
The mouth parts are mostly of chewing 
type. The abdomen has six segments and 
is provided at the terminal end with anal 
fork or furcula. This furcula remains en- 
gaged in the ventral side of the fourth abdo- 
minal segment, called hemmule. When the 
furcula attempts to extend, it slips out from 
the catch of the abdominal segment and 
throws the insect into the air. Luminisccnt 
organs are seen in many and fat body 
serves as the source of light. Malpighian 
tubules arc absent and its excretory func- 
tion is carried by special glands which 
open above the base of the labium through 
a common duct. The fat body contains a 
special kind of cells called urate cells which 
collect uric acid crystals. The males re- 
lease hundreds of spermatophores. Each 
spermatophore remains attached on the 
surface by a thin hyaline stalk. When these 
spermatophores get in touch with the 
moist vulva of the female they burst open 
to release the sperms. Some sperms enter 
within the body through the female genital 
opening and fertilize the eggs. A pit in the 
anterior dorsal region of the embryo con- 
tains a peculiar filamentous dorsal organ 
which always absorbs water. 

LOCUST 

The term locust includes gregarious and 
migratory grasshopper-like forms. Large 
head with prominent eyes is curved 
downwards and incompletely concealed 
by prothorax. Each lateral side of the first 
abdominal segment carries a tympanum. 
In females, the ovipositor is made up of 
snu.ll plates. Some common species of 
locusts are: Locusta migratoria , Schistocerca 
gregaria } Pachyiylus cinerascens. The locusts 
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have two phases in their life — solitary and tion is guided by the flow of wind. The 
migratory (Fig. 16.90 G & D). The migra- swarms of locusts damage plant population 
tory phase appears due to some un- severely in course of their journey. The 
known reason and just before migration swarming docs not occur each year. The 
the population increases rapidly. The wingless young locusts also migrate by 
swarms move like a cloud and the direc- hopping. Usually they moult five times. 



Fig. 16.90. Some important insects — A. Silver fish ( Lepisma saccharina). B. Springtail. C. 
Swarming locust. D. Solitary locust. E. House cricket ( Acheta domesticus). F. Mole cricket 
( Gryllotalpa gryllotalpa) . B. Stick insect ( Diapheromera femorata). H. Leaf insect ( Phyllium 
scythe ). I. Male Earwig. J. Female Earwig ( Forficula auricularia) . 
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At the end of fourth moult the instar is 
sexually active but the fertility is reached 
only after the fifth moult. 

RICE BUG 

The rice bug (. Leptocorisa varicornis ) , 
commonly known as Gundhi bug, is a 
Hemipteran insect causing serious damage 
to paddy crop. It has a typical hemipteran 
body plan with sucking type of mouth 
parts. This insect emits an unpleasant 
odour from the abdominal scent gland, so 
the name Gundhi bug for the insect. The 
milk stage of the paddy grain is its main 
target. The rice bug sucks out the milky 
juice and leaves only the white chaffy 
husks. In case of severe infection all the.' 
paddy grains become chaffy. 

The pest breed amidst wild grasses in 
uncultivated areas near paddy fields. 
When the rice is advancing in milk-grain 
stage, the adult insects invest the culti- 
vated areas. An adult insect has a slender 
body with a length of about 15 mm. The 
anterior pair of the wings is tough and thick 
while the posterior pair is membranous 
in nature. The insect is greenish in young 
stage which turns into a mixture of green 
and brown in adult which finally turns 
into brown in old stage. 

Females lay small blackish-brown bead- 
like eggs. The rounded eggs remain 
arranged in linear fashion on the ventral 
surface near the midrib of leaf blades of 
the host plants. The eggs require about a 
week’s time to hatch. The resultant 
nymphs, immediately after emergence, 
start sucking the plant juice and develop 
into adults within two to three weeks’ 
time. 

Control measures 

Routinewise schedule as preventive measures: 

(i) Selection of paddy-growing areas 
free from wild grasses winch are the host 
plants on which the rice bug inhabits. 

(ii) To clear off paddy stubbles by 
ploughing or by burning and scrapping of 
bunds as a regular routine. 

(iii) Step up of light traps can be used 
in field with contact insecticide near paddy 
field to attract adult pest during milky 
stage of paddy grain. 

(iv) Regular check-up of egg masses on 
paddy field and immediate step is advi- 
sable if egg masses are noticed. 


Chemical measures : 

(i) Contact insecticide — 5% BHC spray 
or dust on crops and bunds. 

(ii) Paddy field is to be flooded with 
water and then insecticide along with oil 
emulsion is to be applied. Nicotine sul- 
phate, lubricating oil emulsion, kerosine 
emulsion or lime sulphur solution are 
generally used. 

CRICKET . These solitary insects ( Acheta ) 
Grylus) live in warm places. The paired 
antennae are long (Fig. 16.90E). The elon- 
gated ovipositor is spear-shaped. The sound 
producing stridulating apparatus consists 
of a scraper in the base of one wing and 
a file on the base of other wing. As the 
wings vibrate rapidly the file rubs over the 
scraper to produce the characteristic 
chirping sound. A kind of cricket, called 
the mole cricket, Gryllotalpa (Fig. 16.90F) 
has stout and clawed prothoracic legs for 
the purpose of digging. 

STICK AND LEAF INSECTS . These insects 
have perfectly copied the structures of 
branches and leaves of the trees (Fig. 
16.90 G & II). Such mimicry protects 
them from enemies. The females exhibit 
more accurate mimicry than males. In gene- 
ral these large-sized herbivorous insects are 
provided with distinct eyes and multi- 
jointed antennae. The stick insects ( Dia - 
pheromera y Carusius) may be 30 cm in length. 
The mesothorax is the largest segment. 
The legs and other parts of the body 
assume branch-like appearance. Similarly 
in leaf insect ( Phyllium ). the wings and 
other parts of the body extend to be leaf- 
like. The eggs resemble the appearance of 
seeds and newly hatched youngs also ex- 
hibit mimicing features. It gradually in- 
creases in size with each moulting. 

EARWIG. These insects (. Forficula auricu - 
laria) (Fig. 16.901 &J) are usually noctur- 
nal and carnivorous. The terminal part 
of the abdominal appendages are forceps- 
like. The mouth parts arc built for chew- 
ing. The fore wings are small and the hind 
wings are large. The females brood over 
the eggs. 

TERMITE. Nearly 1400 different species 
of termites are known. The common ter- 
mite which builds clay nests of great height 
is known as Oaontotermes redemanni . The 
termites are pale-coloured and usually 
blind. It possesses comparatively large 
head, chewing and biting mouth parts 
and bulky abdomen. The chitinous skin is 
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soft, delicate and highly sensitive. A cons- 
triction is visible between thorax and 
abdomen. Two pairs of similar wings are 
laid flat on the body during rest. Termites 
lead a colonial life and exhibit polymor- 
phism. Following forms (Fig. 16.91 
A-E) are seen in a termite nest: (1) 
Queen , (2) Males , (3) Workers, (4) Soldiers 


A termite nest presents highest form of 
architecture and within the nest there is a 
special chamber where the queen and a 
few males are confined. The special cham- 
ber is called nuptial chamber. These 
sexually matured forms have wings longer 
than the body. Body is usually pigmented 
and may Ire yellow, brown or black. The 



Fig. 16.91 . A-E. Different forms in a termite colony. A. Nasutc. B. Queen. G. Worker. 
D. Male. E. Soldier. F. Mayfly — adult. G. Dragon fly. 


and (5) Nasutes. The workers, soldiers and 
nasutes are without reproductive organs. 
The workers constitute the majority 
in a colony. These small-sized forms 
do all the duties for the colony exce- 
pting reproduction. The soldiers are 
more or less pigmented and possess 
large head with powerful mandibles. 
The nasutes arc seen only in a few genera. 
The head in them is continued as a ros- 
trum, at the tip of which opens a frontal 
gland. The secretion of this gland helps to 
prevent enemies and at the same time it 
dissolves hard substances including con- 
crete structures. 


widely separated large compound eyes 
and paired ocelli are usually present. In 
addition to these sexually matured forms 
two other kinds- substitute forms and wing- 
less forms, are also seen in the colony. The 
substitute forms have short pad-like wings, 
ocelli and rudimentary compound eyes. In 
the wingless forms the wings and eyes are 
totally absent and the reproductive organs 
are less developed. The queen is specially 
fed and it grows to a large size. This large 
size is due to the cnorhious growth of abdo- 
men. Within the colony, the queen pro- 
duces a large number of eggs, most of which 
develop into sexless workers and soldiers. 
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But at the end of winter several sexual 
forms appear. When matured these winged 
forms take colonising flight, which occur 
during rainy season. The wings in them 
extend beyond abdomen and are membra- 
nous. During flight most of them arc either 
eaten by birds or destroyed. But some of 
them drop in the ground and become 
wingless. They dig a nest in the ground 
and the females lay eggs. The forms which 
hatch from these eggs are first alike but 
gradually transform into workers and sol- 
diers. These forms take charge of the nest 
and take proper care of their parents. 
They expand the nest and make adequate 
arrangements to accommodate the grow- 
ing population. 

The workers and soldiers leave their 
nest at night to attack furniture, woods 
and books. Thus they damage human pro- 
perties in several ways. The only way to 
get rid of termite menace is to destroy the 
queen. In spite of its destructive role, the 
termites are considered important from 
the point of view of agriculture. Like earth- 
worm, the termites also pulverise the soil 
and make it fertile. Swarming termites are 
taken as food by birds and other animals. 

MAYFLY, The mayflies, Ephemera (Fig. 
16.9 IF) are noted for two unique features 
( i ) winged adult stage has a life span of 
one day and (ii) moulting occurs in a 
winged form. The adult aerial form has 
two pairs of unequal membranous and 
triangular wings. The abdomen ends in 
long cerci which may or may not have 
median terminal filaments. The adult 
dances in air and lay eggs in water. The 
development continues almost for a year 
and involves twenty- three moul tings before 
the emergence of adult state. The aquatic 
larvae are free- swimming and possess row^ 
of tracheal gills on each side of the abdo- 
men for respiration. Finally, they break 
the nymph wall and come on land to rest 
in some places like trees or walls. Another 
moulting of this winged form liberates the 
full-grown adult. 

DRAGON FLY, These are usually large- 
sized insects. The common genera are 
Macromia , Aesckea , etc. It is provided with 
chewing mouth parts and membranous 
wings. Sometimes the hind wings are 
larger than the fore wings. At the time of 
rest, the wings are held horizontally (Fig. 
16.91G). The compound eyes are quite 
prominent but the antennae are short. 


The abdomen is elongated, slender and 
thread-like. The dragon flies are predators 
and hunt other insects like a kite. The 
mating takes place during flight and the 
eggs are released in water. The larvae 
called nymphs are aquatic and respire 
through a special kind of aquatic gills. 
The elongated labium is provided with 
hooks and remains folded during rest. It 
is extended rapidly during food capture. 

BED BUG. These sanguinivorous ectopa- 
rasites live in close association with man 
and are cosmopolitan in distribution. Num- 
ber of diseases, i.e. anthrax, leprosy, 
paratyphoid, oriental sore are believed to 
be caused by bed bug ( Cimex lectularius , 
Cirotundatus) . The beddings, furniture and 
crevices of the room are the favourite 
abode of these insects. The warmth as well 
as the smell of the host attracts them and 
the bed bugs are active specially during 
night. Fhe adults (Fig. 16.92A) are 4-5 
nun in length and 3 mm in breadth and are 
reddish brown in colour. Flat and oval 
body is profusely covered with bristles and 
hairs, short head possesses, distinct paired 
compound eyes and a pair of four- jointed 
antennae. The mouth parts are adapted 
for piercing and sucking. For that purpose, 
the mouth parts have formed a proboscis 
which encloses needle-like maxillae and 
mandibles. When not in use the proboscis 
is kept folded on the ventral side of the 
body. The prothorax is semilunar and the 
meso thorax is triangular. The pointed 
end of the mesothorax is directed back- 
wards and it bears atrophied first pair 
of wings. There is no trace of second pair 
of wings. The abdomen is flat and con- 
tains eight distinct segments. In males, the 
abdomen is more pointed. A curved penis 
is lodged in a deep groove in the left 
side of the eighth abdominal segment. The 
stomach serves as a crop and stores blood 
during meal. This blood may be retained 
for several weeks. The saliva, which mixes 
with the blood meal, contains anti-coa- 
gulating enzymes which keep the blood 
liquid. The digestion takes place in the 
intestine. The first part of the mid gut 
is formed by vacuolated cells; and is con- 
cerned with the absorption of fluid from 
the meal. Only a little haematin material 
passes within the hind gut. The blood cells 
or haemocytes of bed bug do not enter 
within the cavity of the heart. The haemo- 
cytes remove debris from haemolymph at 
the time of moulting. It can live for weeks 
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without food and water. Lack of water 
leads to the formation of dry yellow 
urine. The inner surface of sternum in 
mesothorax carries paired stink glands, 



Fig. 16.92. A. Bed bug (Cimex) dorsal view. 
B. General segment of male, ventral view. 


which produce characteristic smell of the 
bed bug. The secretions of these glands are 
transparent, oily, volatile and strongly 
acidic. The secretions are released through 
a pair of median apertures. The stink glan- 
ds of nymph stage are abdominal in posi- 
tion and three in number. In the adult 
stage, these glands atrophy and new thora- 
cic glands appear. The genital segment of 
male, at the posterior end of the abdomen, 


is provided with a pointed clasper (Fig. 
16.92B). During copulation, the sperm 
cells are deposited in a pouch on the lower 
surface of the female abdomen. These cells 
reach the genital tract after travelling 
through the general body cavity. Most of 
the eggs are fertilized, when still in the 
ovary. The eggs when laid are glued to the 
substratum by a mucilagenous coating. 
The young hatches out by lilting a lid on 
the egg called operculum. The metamor- 
phosis is incomplete and the young is 
called nymph. Such nymphs are yellowish 
white and 1*5 mm in length. The growth 
and conversion to adult structure involve 
five moults. Nymphs are also able to suck 
blood and it is believed that the distension 
of the abdomen of nymph due to blood 
meal causes moulting. 

LOUSE. Three kinds of lice are seen — 
Book lice (Fig. 16.93A), Biting lice (Fig. 
16.93D) and Sucking lice (Fig. 16.93B & C). 

The book lice includes numerous kinds 
of species. These are minute, insignificant 
and soft bodied insects having peculiarly 
modified biting mouth parts. Though they 
are called book lice, majority of them live 
on trees and only a few live within old 
papers. Two pairs of wings are membra- 
nous and have characteristic pattern of 
venation. At the time of rest the wings are 
held roof- like over the abdomen. 

The biting lice include more than 2500 
species, all of which live as ectoparasites 
on birds and mammals. The body is flat 
and covered with bristles. The wings and 
compound eyes are absent. The mouth 
parts are adapted for biting but much 
reduced. Food usually includes the fea- 
thers or hairs of the hosts but some are 
blood-suckers. Eggs are glued with the 
feathers or hairs of the host and the larvae 
are also ectoparasites. Development in- 
volves three moul tings. 

The sucking lice are exclusively ecto- 
parasitic. All are blood-suckers and for 
that purpose the mouth parts include thin 
stylets within a cephalic sac. The wings 
and eyes are absent. All the thoracic legs 
have well-developed claws. The human 
head and body louse is known as Pediculus 
humanus. 

LAC, INSECT . The lac insects are scientifi- 
cally known as Tachardia lacca. Previously, 
the genus Tachardia was known as Kerria. 
Two species under the genus are very 
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common — K. lacca and K . chinenses. Of the 
species, Kerria ( Tachardia) lacca is the 
common Indian variety. India is the 
highest lac-producing country. Thailand 
comes next to India regarding lac produc- 
tion. These insects live on certain specific 



trees like kusum, khair and ber (kul). It 
liberates a resinous product as exudate 
which forms a crust around the insect. 
From this exudate a product called lac is 
obtained. Thus, lac is regarded as resi- 
nous secretions produced by the female 
members of the lac insect. In order to ob- 
tain lac, these insects are cultured and the 
technique of lac production is called lac 
culture . It involves proper care of host 
plants, regular prunning of the host 
plants, propagation of insects and collec- 
tion and processing of lac. For the purpose 
of propagation the older branches (appro- 
ximately 23-30 cm) containing crusts are 
tied with new branches and this method 
is called inoculation . When new crusts are 
formed, most are collected and this collec- 
tion is known as harvesting. 

According to its harvesting season, the 
lacs are classified into two types — (1) 
Kusmi lac . It grows on kusum trees and is 
inoculated in January-February and her- 
vested in June and July of the following 
year. (2) Ranjeeni lac . It grows on other 
trees excepting kusum. The inoculation 
time is October-November and harvest- 
ing time is May -June. The kusum trees 
being much larger in size, provides more 
surface area and thus the yield of Kusmi 
lac is higher than the Ranjeeni lac. 

After inoculation, lac insects come out 
of the old crusts. At this stage they are 
known as nymphs , which have hatched out 
from the eggs, laid by the females in the 
old crusts. When nymphs vacate the old 
crust, the crust is called Phunki. The 
phunki must be removed within three 
weeks from the date of inoculation, other- 
wise it will be susceptible to parasitic 
infection. The coming out of nymphs from 
older crust is called swarming . These 
nymphs are boat-shaped and reddish in 
colour. Each nymph possesses three pairs 
of thoracic legs, one pair of antennae and 
a pair of caudal setae. Somf of the nymphs 
become winged or wingless jnale and others 
become female (Fig. 16.94)V These nymphs 
explore new branches. Itf sucks cell sap 
by piercing the branches with the help of 
specialised maxillae and inandibles. The 
nymph settles in a suitable spot and 
liberate a kind of exudate. The nymphs 
gradually lose mbst of its body structures 
and undergo repeated moulting. The 
thrown out skin together with the exudate 
form a crust around it. Each crust contains 
a pair of branchial pores for respiration and 
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a big anal tubercular opening . In male, the 
tubercular opening is provided with an 
operculum. After three moultings the 
males come out by removing the oper- 
culum and copulate with the female. 




Fig. 16.94. Lac insert ’ Tachardia hue a). A. Incrus- 
tation of lac around a twig, B. Nymph, G. Male 
(winged), D. Male (v.ingless), E. Female (adult 
in incrustation) and F. Female (adult — free from 
incrustation). 


The males are devoid of mouth parts for 
this reason they die soon after copulation. 
Most of these crusts are removed at the 
time of harvesting and are used for 
extracting lac. As the males are short- 
lived, they produce lesser lac than the 
female. The production of lac is good, if 
the ratio of male and female remains 
30 : 70. If number of male increase in 
a particular year, the crop is said to be 
poor. 

Extraction of Lao 

The mature incrusted twig is cut. Then 
the incrustations are washed thoroughly 
and scraped to remove the secreted 
materials. These materials constitute the 
granular lac which is dried and bleach- 
ed in the sun. The granules are taken in 
suitable pot and heated by open charcoal 
fire. During heating the lac is forced out 
as it melts. Pigments can be used as dyes 
at tliis stage. In molten condition, these 


materials are stretched into sheets. After 
drying these sheets are broken into 
flakes. 

Uses of Lac 

Lac has great commercial value. It is 
extensively used in the manufacture of: 

(i) Lithographic ink, 

(ii) Varnishes and polishes, 

(iii) Sealing wax, 

(iv) Electrical insulating material, 

( v ) Shoe polishes, toys, ornaments, etc. 

BUTTERFLY. For their colourful texture 
and elegant movement, these daytime 
flying insects are regarded as the symbol 
of grace, beauty and austerity. The head 
bears two large compound eyes, each with 
numerous ommatidia. A pair of club-shap- 
ed antennae, characterise the butterfly. 
The butterflies have two pairs of large 
wings which at the time of rest are held 
high over the body, like sails of a boat. 
The equal-sized wings are provided with 
hairs and scales. The sucking type mouth 
parts are formed by a long-coiled proboscis. 
It is formed by the union of two halves of 
a tube, each half represents the outer part 
of maxilla. The proboscis remains coiled, 
when not in use, under the head and 
extends during use. The mandibles are 
insignificant. Labium is absent but the 
labial palp is well extended. Each type of 
butterfly has preference for a particular 
plant to lay eggs. 

Flic larva after hatching out of egg 
often cats voraciously. The larvae, which 
arc called the caterpillars (Fig. 16.95), have 
powerful mandibles, three pairs of jointed 
thoracic legs and four to five pairs of un- 
jointed abdominal legs. The growth of 
caterpillar involves the shedding of old 
cuticle. Within a fori night the caterpillar 
sheds its skin repeatedly and becomes 
full-grown. Alter certain period of growth 
the caterpillar produces around its body a 
covering and becomes scdentaric pupa. 
The secretion is produced by special 
silk glands which are present in the body 
of caterpillar. The pupa is also known as 
chrysalis and it possesses a slender stalk. 
Rapid transformation of body parts occur 
within pupa. Various caterpillar struc- 
tures are then replaced ^y the appearance 
of adult parts. On completion of the deve- 
lopment, the butterliy emerges by breaking 
the pupal case. Immediately after coming 
out, the body remains soft. Following 
butterflies are well-known in our country. 
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Fig. 16.95. Life history of a butterfly. A. Adult. B. Egg. G. Caterpillar. D. Pupa. 


COMMON WINDMILL (PAR IDES PHILO XE- 
NUS). These beautiful velvety black colo- 
ured butterflies (Fig. 16.96A) are found 
in the Himalayan region specially in 
Assam. The size is 1 1 to 15 cm across. The 
anterior wings are smooth in outline but 
posterior wings are peculiarly notched. 
The posterior wings are also marked by 
beautiful red spots. KRISHNA PEACOCK 
( PAPILIO KRISHNA ). These large butterflies 
(Fig. 16.96B) with wingspan of 10 cm have 
beautiful green texture with red, yellow 
and blue markings. They are quite com- 
mon in the Himalayan region, specially in 
Sikim and Bhutan. The posterior wings 
are peculiarly lobcd.KAISER-I-HIND ( TEINO - 
PALPUS IMPERIALIS) . These rare butterflies 
(Fij*. 16.96G) of Assam, Nepal and Sikim 
exhibit sexual dimorphism. Males have a 
single tail but females have three. They 
generally live on the top of the tree and on 
rare occasions come to the ground. RICE 
BUTTERFLY ( MELANITIS ISMENE). These 
deep brown coloured, shade-loving butter- 
flies (Fig. 16.96D) are quite common in 
India. They lay eggs on paddy plants and 
have characteristic coloured eye spots at 
the centre of the wing. The caterpillars 
are green. CABBAGE BUTTERFLY (PIERIS 
BRASSICAE). These white, yellow or 
organge- coloured butterflies (Fig. 16.96E) 
are often seen in agricultural fields. They 
lay eggs on cabbage and other plants 


under Cruciferae and pupa remains in 
upright position. These are migratory in 
nature. 

BEETLES. These are insects with hard 
integument and chewing mouth parts. 
The prothorax is large and movable. The 
stiff and hard anterior wings known as 
elytra cover the posterior wings comple- 
tely. Some arc wingless. It exhibits com- 
plete metamorphosis and larvae are pro- 
vided with well-developed head, biting 
mouth parts and three pairs of legs. Fol- 
lowing beetles are very interesting: LEAF 
BEETLE. These oval bodied beetles (Fig. 
16.97A) are provided with short antennae 
and small legs. It lives upon leaves of 
various plants like potato, cucumber, etc. 
LONG-HORNED BEETLE. Eleven segmented 
antennae of these beetles (Fig. 16.97B) are 
longer than the body. Larvae are wood- 
borers. DERMESTIDE. These small, more or 
less round beetles (Fig. 16.97C) are noted 
for their habit of feigning death. These 
beetles arc commonly seen in the fur of 
museum specimens, carpets,: woolen dress- 
es and in different other dbmestic goods. 
Its abdomen remains fully enclosed by the 
elytra. The well-known examples are 
Anthrenus , DermestFs. LADY BIRD BEETLES . 
These beneficial insects (Fig. 16.97D) 
destroy aphids and other plant pests. 
They have beautiful red-coloured bodies 
with black spots on it. They are distributed 
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Fig. 16.9(5. A few common butterflies. A. Common windmill (Parities philoxenus) . B. Krishna 
peacock ( Papilio Krishna). G. Kaisei-I-Hind ( Teinopalpus imperialis). D. Rice butterfly 
(Melanitis ismene). E. Cabbage butterfly ( Picris brassicae). 


throughout the world. WATER BEETLE. beetles (sec Fig. 8.1 OB) arc well known 
These large aquatic beetles arc seen for their ability to emit light. For this 
throughout the world in fresh-water ponds, purpose, they possess phosphorescent or- 
lakes and pools. Their food includes small gans which are present in the posterio- 
fishes, aquatic insects and other small ventral aspect of the abdominal segments 

aquatic organisms. The adults have thread- and are in connection with trachea. A sub- 

like antennae, oar-shaped hind legs and stance lucifcrin is present in this organ, 
they can fly well. While diving inside whicli is oxidised in the presence of an 

water they carry a film of air beneath their enzyme luciferase to produce light in 

wings. The large-sized* whirligig beetle them which is without heat. WEEVILS. 
(Fig. 16.97E) at the time of diving carries These beetles have peculiar elongated 
a bubble of air at the posterior end of the head which is drawn to form a rostrum, 
body. The larvae possess strong mandibles These are highly injurious to plants, fruits, 
and long abdomen. FIREFLIES. These seeds and stored grains. The well-known 
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examples are — rice weevil ( Calandra oryzae ) , 
mango weevil ( Apion sp.). DUNG ROLLER * 
They are also known as scrab beetle and was 
considered sacred in ancient Egypt. They 



Fig. 16.97. Some important Beetles. A. Leaf 
beetle (Acalymma vitiata). B. Long-horned beetle 
{Acanthoderes decipicns). C. Dermestide ( Anthrenus 
scrophulariae) . D. Lady bird beetle (Adalia bipunc- 
tata). E. Whirligig beetle ( Gyrinus ). 


are well-known for their parental care. 
They prepare small spheres by rolling 
dung and eggs are laid on them by the 
females. These balls are deposited in a 
hole. When the grub comes out it uses the 
dung as food. 

WASP. Two kinds of wasps are well- 
known — Spider wasps and Hornets. The 
spider wasps are large, active, long-legged 
and hunt spiders. These wasps build 
underground burrows and place a para- 
lysed spider within it. One egg is laid on 
each spider. When the larva hatches out, 
it eats the spider. The hornets live on 
nectar, ripe fruit, sugary iluid and also eat 
larvae and small insects. Some arc solitary 
but many exhibit highly organised social 
life. A family includes queen, males and 
workers. After copulation, the queen 
hibernates for a year and then starts to lay 
eggs. First lot of eggs develops into workers 
and then queens and males emerge. Its 
nest is papery and has several tiers and the 
entire nest is enclosed within an outer 
envelope. 

ANT. Ants are well-known example of 
the insects which exhibit polymorphism. 
Like termites and bees, they also lead a 
social life. 'There exists innumerable types 
of ants (nearly 3,500 species) which abode 
various places from burrows to specially 
formed nests. In ants the abdomen is dis- 
tinctly separated from thorax and antenna 
is divided into an unjointed basal part 
and a manv-jointed upper part. Colony of 
ants includes following forms — female or 
queen, male or king, workers and soldiers. 
Only the males and the females possess 
transparent wings and enter into nuptial 
(light. At the end, they lose their wings 
and the female lays eggs. From each egg 
an elongated legless grub is developed 
which transforms into pupa. These pupae 
develop into workers which start to take 
care of the nest. As in bee the unfertilized 
eggs produce males and fertilized eggs 
give rise to workers anct females. The 
workers are wingless and possess female 
gonads in arrested state of development. 
Some workers undergo special modifica- 
tion in their structures to act as soldiers. 
The workers do all sorts of work and 
the males and the females are dependent 
on them. The job of the workers include 
collection of food, protection of the nest, 
rearing of grubs and pupa, cleaning of the 
nest. It has now been determined that a 
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substance tailed pheromone guides the forag- 
ing workers to identify the way to its own 
nest. Some ants are known to rear insects 
like beetles, aphids in their nests. Specially 
these aphids when touched by the antennae 
of ant secrete a juice and for this reason 
they are known as ant-cow. The well- 
known ants (Fig. 16.98 11 & G) are com- 
mon red ant ( Oecophyla smaragdynd ) , black 
ant ( Componotus compressus), European 
wood ant (Formica rufa ), etc. Ants often 


destroy vegetations but at the same 
time they are effective pollinating agents. 
Several ants kill caterpillars, bugs and 
beetles and thus serve as important agent 
for biological control. 

FLEA . These insects in their adult stage 
live as ectoparasites on birds and mam- 
mals. Nearly 1500 species are known. The 
body is laterally compressed, brown and 
strongly sclerotised (Fig. 16.97D). The 
head is small and the mouth parts are 



Fig. 16.98. A. Hornet— a kind of wasp. B. Black ant (worker). G. Red ant (worker). D. Rat flea, 
Not drawn up to scale. 

28 [vol. i *76] 
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adapted for piercing and sucking. All are 
sanguinivorous. The wings are absent, 
but the legs are well developed and spe- 
cially the hind legs are adapted for leap- 
ing. A female flea lays nearly 300-500 eggs. 
The larvae are white, small and worm-like. 
The head of the larva carries a spine, 
which breaks open the egg shell at the 
time of hatching. The larva is free-living. 
The next stage pupa covers itself with a 
silken cocoon, impregnated with sand 
grains and debrises. 

The most notable flea is rat Ilea 
( Xenopsylla cheopis ) which carries a bac- 
terium ( Pastaurella pestis) from infected 
rats and causes Bubonic plague in man. 
The same flea also infects another disease 
called endemic typhus. The other impor- 
tant fleas are Pulex irritans (human Ilea), 
Ctenocephalides felis (cat flea) and Cleno - 
cephaltdes canis (dog flea). 


Example of the Phylum Arturo poda — 
HORSE-SHOE CRAB 

The horse-shoe crab includes three 
genera, Limulus , Tachypleus and Carcinos - 
corpius. It belongs to the order Xiphosurida 
and is included under the class Mcrosto- 


mata. The largest horse-shoe crab is 
Limulus polyphemus , which measures 60 cm 
in length (including caudal spine). 

Habit and Habitat 

These marine animals are bottom dwel- 
lers in shallow water. During breeding 
season, both male and female come on 
land and dig holes at the upper limit of 
high tides to lay eggs. It can dig by the 
help of cephalothorax and may remain com- 
pletely buried. The full-grown horse-shoe 
crabs usually crawl by using the legs, 
while the youngs can swim invertedly with 
the help of abdominal appendages. 

External structures 

As its name indicates the body is horse- 
shoe-shaped. It is divisible into two parts 
cephalothorax or prosoma and abdomen or 
opislhosoma (Fig. 16.99). The abdomen ex- 
tends posteriorly as caudal spine . Both the 
thorax and abdomen are unsegrnented 
and are covered dorsally by exoskelcton. 
The abdomen remains inovably articulat- 
ed with the cephalothorax. In contrast 
with the hard dorsal exoskeleton, the ven- 
tral side contains soft sclcrites in between 
the appendages. 



chelicera 

pedipalp 


genital 

operculum 


Fig. 16.99. External features of Limulus. A. Dorsal view. B. Ventral view. 
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Cephalothorax. The cephalothorax is 
formed by the fusion of cephalic region 
and six appendage-bearing thoracic seg- 
ments, Lines of segmentation are absent 
and the thoracic appendages are closely 
approximated. The dorsal exoskeletal cov- 
ering, carapace is more or less semicircular 
in outline. It is drawn at the postero- 
lateral ends into pointed projections. 
Following structures are seen in the 
cephalothorax: (1) Spiny ridges. One 
median and two lateral spiny ridges are 
longitudinally disposed on the dorsal side. 
The median ridge has two grooves, one on 
its either side, which run longitudinally to 
continue along the abdomen. (2) Eyes. 
Two pairs of eyes, median and lateral are 
present on the carapace. The median eyes 
are small and simple eyes. These are 
placed anteriorly, one on each side of the 
median ridge. The lateral eyes are com- 
paratively larger and compound in nature. 
Each lateral eye is placed on the outer 
side of each lateral ridge. (3) Mouth. 
This apertUkC present within a dep- 
ression on the ventral side and bounded 
on all sides by the processes of cephalo- 
thoracic appendages. (4) Frontal organ. 
It is a wart- like structure in front of 
the mouth. In larva, it acts as photo- 
receptor, but its function in adult is 
unknown. (5) Appendages. Six pairs of 
tube-like distinct appendages are arranged 
like a ring on the ventral side. The first 
pair is known as cheliceras . In adult, it is a 
preoral appendage. Each cheliccra is 
slender, trisegmented and situated in the 
anterior border of die mouth. The distal 
article is chelated. The second pair is 
called pedipalpi . It is more or less leg-like 
and jointed. The proximal segment is 
spiny and the distal one is chelate. It 
helps in food capturing and locomotion. 
The third to sixth pairs of appendages are 
walking legs . The walking legs serve both 
the functions of locomotion and food 
procurement. For the purpose of inges- 
tion, the bases of the legs are drawn 
into spiny lobes, called gnathobases (Fig. 
16.100) which remain radially arranged 
around the mouth. The last pair, in both 
the sexes, is non-chelate and bears four 
movable spines at the distal tip. These 
spines act as shovel fcjr removing loose 
sand. In addition, the outer border of its 
base bears a spatulate process. A pair of 
small, flat, coxa-like appendages called 
chillaria are present. It remains directed 


vertically downwards and represents the 
degenerated seventh pair. 



Fig. 16.100. One walking leg of Limulus. 


Abdomen. The abdomen looks like a 
hexagon. At the anterior end, the three 
sides of the hexagon form a lens-shaped 
hinge to articulate with the cephalothorax. 
In the posterior end of the abdomen lies a 
notch for the articulation of caudal spine. 
On the dorsal groove of the abdomen there 
are six pairs of depressions and six pairs of 
laterally projected spines . Such depressions 
and spines denote the position of seg- 
ments. Six pairs of appendages are present 
in the ventral side of the abdomen. Each 
appendage is lamellar and consists of a 
narrow inner process and a wide outer 
plate. The first pair of abdominal append- 
age is without gill. It is united at the middle 
to form genital operculum which carries genital 
pore. The remaining five pairs are free 
from one another and each carries a gill or 
branchial lamella. The abdominal appenda- 
ges beat slowly but continuously. At the 
time of swimming the speed becomes 
accelerated. 

Caudal spine. It is a long posteriorly 
projected pointed structure, which remains 
movably articulated with the abdominal 
notch. It does not represent the telson but 
is considered as an appendage of the 
telson. 

Integumentary system and Endo- 

skeleton 

As in other arthropods, the thick 
exoskeleton consists of epicuticle anci chitinous 
cuticle. The cuticle is devoid of calcareous 
material. Posteriorly there are six pairs of 
apodemes for the attachment of abdominal 
muscles. These are mesodermal cartilagi- 
nous plates inside the body cavity. In the 
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cep halo thorax, there is an endosternite for 
the attachment of leg muscles, but in 
abdomen there are six pairs of dorsal and 
six pairs of ventral endosternites . 

Digestive system 

It includes (1) alimentary canal and (2) 
digestive glands . 

Alimentary canal. The alimentary 
canal begins from a slit-like mouth between 
the gnathobases of 2-5 th cephalothoracic 
appendages. It leads into a cuticularised 
pharynx. The pharynx forms a loop and 
opens into a dilated provenlriculus or gizzard. 
The wall of the gizzard is muscular and its 
inner part is ridged and raised as denticles. 
The gizzard communicates to a shorthand 
straight intestine and the opening is guard- 
ed by a funnel-like valve. From the intes- 
tine arise two pairs of branched caeca > 
which occupy major part of the cephalo- 
thorax. The intestine ends in a short 
rectum. The rectum opens to the exterior 
by an aperture called anus. The anus is 
present near the base of caudal spine. 

Digestive glands. The intestinal caeca 
serve as the digestive glands. The digestive 
juice is alkaline and contains various en- 
zymes to split the complex food. 

Mechanism of nutrition. The horse- 
shoe crab hunts at night. The foods include 
worms and molluscs. The chela of the legs 
bring the food to the gnathobases, which 
in turn force it to enter into the mouth. 
The food is swallowed intact. The gnatho- 
bases of the last appendage may break the 
shell. The chilaria pushes the food forward, 
The chewing takes place within the giz- 
zard, from where, excepting bones and 
shells, other substances enter into the 
intestine. The unwanted shells and bones 
are again regurgitated from the mouth. 
The digestion takes place mostly in the 
caeca and nutritive substances are also 
absorbed in its wall. The residual matters 
pass through the anus as faeces, which may 
be 5-10 cm long. 

Respiratory system 

The respiration takes place in aquatic 
medium.*The respiratory organs are known 
as gills or branchial lamellae. These are 
present in association with the last five 
pairs of abdominal appendages. Each 
lamella is borne on the exopodite part of 
each leg and consists Q f 150-200 delicate. 


richly vascularised leaf-like structures. 
The abdominal appendages move cons- 
tantly to flow current of water which 
bathes the vascularised leaves of the gills. 

Circulatory system 

The circulatory system includes heart , 
arteries , sinuses and the circulating fluid 
blood. 

The heart is present on the dorsal side 
of the intestine (Fig. 16.101). It is fusiform 
in appearance and extends almost the 
entire length of the body. It is enclosed 
within a pericardial sinus. Heart communi- 
cates with this pericardial sinus by means 
of eight pairs of ostia. 

A median ventral artery and a pair of lateral 
arteries arise from heart and run anteriorly. 
The median artery supplies the dorsal side 
of the anterior part and the lateral arteries 
supply its ventral side. These two lateral 
arteries unite and form a spacious blood 
sinus, within which lies the brain and sub- 
oesophageal ganglion. This sinus extends 
posteriorly to enclose the ventral nerve 
cord and its ganglia. From the adjoining 
regions of the first four pairs of ostia, four 
pairs of lateral arteries originate. These 
lateral arteries of each side join to form a 
lateral vessel. These two lateral vessels unite 
posteriorly and continue as subabdominal 
artery into the caudal spine. From each late- 
ral vessel , near the region of second pair of 
ostia, an artery arises. This artery splits 
into one caecal artery to supply the caeca 
and a marginal artery to continue along the 
outer border of the cephalo thorax. The 
two marginal arteries finally unite with 
the anterior median artery. 

The arteries open within haemocoelomic 
spaces called lacunae. Several lacunae unite 
to form small sinuses. From these lacunae 
and sinuses, deoxygenated blood is finally 
collected in three large longitudinal sinuses. 
One such longitudinal sinus encloses the 
intestine and the other two are placed 
ventrally. From these ventral sinuses, the 
blood is sent to the gills for* aeration. From 
gills, aerated blood is carried to the peri- 
cardial sinus by several laterally placed 
dorso-ventral sinuses. >, 

The blood is a fluid with dissolved pig- 
ment, haemocyanin. Very few cells are 
seen in it. 

Excretory system 

The excretory organs are known as 
coxal glands. For its bright colour, it is also 
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Fig. 16.101. Circulatory system of Limulus (after Parker and Haswcll). 


known as brick-red gland . Each gland is 
four lobed and occupies the ventral side 
of the endosternite in the cep halo thorax. 
A convoluted nephridial canal begins blind- 
ly from each gland and unites to form a 
common passage. It then runs up to the 
base of the fourth walking leg and forms 
a vesicle there. From this vesicle arises a 
common excretory canal which opens to a 
raised papilla, lying between the coxae 
of fifth and sixth appendages. 

Nervous system 

It includes central nervous system, peripheral 
nervous system and sense organs. 

Central nervous system. It consists of 
Suprapharyngeal ganglion or Brain , Sub- 
pharyngeal ganglion and a double Ventral 
nerve cord . The brain is oval, compact and 
divided into two lateral lobes. It is placed 
anterior to the subpharyngcal ganglion 
and forms a ring around the oesophagus. 
The subpharyngeal ganglion is formed by 
the fusion of ganglia belonging to the second 
to eighth segments. From the subpharyn- 
geal ganglion arises ventral nerve cord. 
It runs posteriorly and carries four ganglia 
in its path, each representing the ninth 


to fourteenth segments. The last ganglion is 
formed by the fusion of ganglia belonging 
to the last three segments. 

Several peripheral nerves are given out 
from different ganglia. The optic nerve, 
which comes from the eye, opens to the 
brain. 

Sense organs. The sense organs of 
horse-shoe crab are: (1) Sensory cells , (2) 
Frontal organ and (3) Eyes. 

(1) Sensory cells. These cells are 
scattered all over the masticatory' pro- 
cesses of the thoracic limbs. The sensory 
cells which are present on the distal 
article of the walking legs are chemore- 
ccptors. 

(2) Frontal organ. This is a specialised 
■•.airy area having a diameter of 5-8 mm. 
The function is not known in adult but 
serves as photoreceptor in larvae. 

(3) Eyes. Among the two kinds* of eyes, 
the lateral eyes are better developed than 
median eyes. Each median eye is a simple 
eye and consists of (a) Lens — large, spheri- 
cal and cuticular structure, ( b ) Corneagen 
cells — present underneath the lens and 
formed by the hypodermis, (c) Retina — it 
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includes a central rhabdome and 6-8 
irregular sensory cells. 

The lateral eyes are compound eyes. 
Each lateral eye (Fig. 16.102) has: (a) Lens. 
It is a thick but transparent cuticle, form- 
ed by the downward conical projections of 
hypodermal cells. ( b ) Ommatidia . Beneath 

cuticle 
chitinous ) 


hypodermis 



Fig. 1 6. 102. Lateral eye of Limulus, sectional view. 

the lens, the hypodermal layer is modified 
as ommatidia. Each onunatidium consists 
of 10-15 cells called relinuiae , the inner 
parts of which are modified to form a 
central rhabdome . A central ganglion cell is 
present immediately beneath the rhab- 
dome. The ommatidia are separated from 
each other by single layer of columnar 
cells. From the structure of lateral eye it 
is evident that these are of much simpler 
design than the compound eye of other 
arthropods. The median eyes appear to be 
degenerated structures. 

Reproductive system 

Sexes are separate and sexual dimor- 
phism is present. The males are small in 
size and have hooks at the terminal ends 
of second and third cephalothoracic 
appendages. 

Both the reproductive organs — testis and 
ovary extend within the cephalo thorax and 
abdomen. The middle part of the gonad 
is placed on the dorsal side of the intestine 


and the anterior part is branched within 
the lobes of the liver. Through paired 
ducts, the reproductive cells pass towards 
genital operculum, where they open 
through a slightly projected aperture. 

Breeding and Life history 

During breeding season, both the sexes 
perform nuptial visit to the shore. The 
male fixes itself to the carapace of the 
female. The fertilized eggs are deposited in 
holes which are prepared by the female for 
this purpose in the region which is slightly 
above the high tide area. The size of the 
eggs varies from species to species and 
ranges from 1'7 to 3*5 mm in diameter. 

After early development, the young 
horse-shoe crab comes out of the case. It 
has only three pairs of abdominal appen- 
dages and is without caudal spine. It 
resembles the trilobite in its appearance 
(Fig. 16.103) and is called trilobite stage of 




Fig. 16.103. Trilobite stage of Limulus. A. Dorsal 
view. B. Ventral view. 
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horse-shoe crab. It swims freely in water 
by its abdominal appendages. After a 
series of moulting it gains the features of 
adult Limulus. 

Affinities 

Attempts have been repeatedly made to 
establish relationship between horse-shoe 
crab and other groups of animals. Large 
volumes of available information may be 
discussed under two broad heads: (A) Affi- 
nities with fossil forms and (B) Affinities with 
living forms. 

A. Affinities with fossil forms 

1. With Hemiaspidae [Fossil crustaceans). 
Following are the similarities with the 
fossil crustaceans : (a) Large head is cover- 
ed with dorsal shield, (b) A telson is pre- 
sent. (c) Two compound eyes are placed 
laterally, (d) Larval form of horse-shoe 
crab after first moult resembles the mem- 
bers of the family Hemiaspidae. 

2. With Trilob ites. Following similarities 
are noted between the two groups: (/) Ce- 
phalothorax with lateral eyes are present. 
(ii) Appendages are biramous. (Hi) The 
body is longitudinally divided into three 
parts by two furrows, (iv) Presence of 
lateral pleural spine, (v) Trilob ite stage in 
the development of Limulus is highly sug- 
gestive of a relationship between the two 
groups, so far the structural peculiarities 
are concerned. 

But at the same time, points of dissimi- 
larities are also evident: (« i ) Trilobites 
have distinct dorsal segmentation and tri- 
lobation of the body which are absent in 
Limulus . (ii) Absence of antennae in 
Limulus. (Hi) Structure of abdominal appen- 
dages and genital operculum also differs. 

3. With extinct Eurypterida. (a) The body 
in both has three regions — prosoina, meso- 
soma and inetasoina. i J>) In both, the 
cephalothoracic appendages correspond in 
number and position, (c) Appearance ol 
limb, presence of telson, presence of media n 
and lateral eyes are the similar features in 
both. The above features indicate a super- 
ficial resemblance but numerous other 
features of dissimilarity have excluded the 
possibility of any close* relationship. 

4. With Chordates . (a) Similarities of eyes 
and structure of branchial appendages lead 
towards the search ol affinities with 
Ammocoetes larva. ( b ) Again, dermal 


skeleton, median and lateral eyes, gills and 
endoslernum appear to be similar with 
the ostracoderms. 

B. Affinities with living forms 

Among the living forms, horse-shoe crab 
has close semblance with crustaceans and 
arachnids. Some aspects of their simila- 
rities and dissimilarities are given below: 

1. With Crustaceans. Following are the 
similar features: (i) Aquatic habits and 
identical appearance of abdominal appen- 
dages appear to be similar features, (ii) 
Presence of simple median and less com- 
plicated compound eyes and (Hi) Posses- 
sion of endosternite (like Triops ) provide 
strong evidences in favour of the affinity. 

But the two groups differ on following 
points: (/) The respiratory organ, book gill 
of horse-shoe crab has no parallel in any 
crustaceans, (ii) Nauplius stage during 
development, a most distinguished feature 
of Crustacea, is not seen in horse-shoe crab. 

2. With Arachnids. The xiphosurids and 
arachnids have many common features. 
For this reason, both are included under 
the subpliylum Ghelicerata. But still the 
two groups diiler. Some similarities and 
dissimilarities arc mentioned below: 

(a) Similarities 

(i) A broad carapace covers the ccphalo- 
thorax. (ii) Cephalothorax bears six pairs 
of limbs and paired median and lateral 
eyes, (iii) 1 he caudal spine of Limulus re- 
sembles the post-abdominal part of scor- 
pion. (iv) Presence of structures like endo- 
sternite, genital operculum and telson in 
both the groups. (v) Book gills of Limulus 
are supposed to have evolved from book 
lungs of scorpion, (vi) The suctorial 
pharynx, symmetrical liver, rudimentary 
genital glands illustrate other similar fea- 
tures. 

( h) JJi inularities 

In spile of strong similarities with arach- 
nids, the horse- shoe crab differs from 
arachnids in two important features: (i) 
absence of Malpighian tubules and (ii) 
structure of book gills. 

It is evident that horse-shoe crab possess- 
es more arthropod features and has closer 
relationship with Arachnida. It appears 
that the horse-shoe crab, together with 
trilobites, originated from some common 
arthropod ancestor but remained univer- 
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sally isolated. The most important feature 
is that the present form has undergone 
very little changes, if any, from their 
ancestors. For this reason these are called 
Panchronic animals . 


Example of the Phylum Arthropoda — 

SCORPION 

Scorpion belongs to the class Arachnida. 
It is regarded as the oldest land-living 
arthropod. The fossil scorpions were re- 
covered from the beds of the earth, which 
are nearly 400 million years old. The most 
interesting feature about the scorpions is 
that the present forms have undergone very 
little changes from their fossil ancestors. 
Nearly 700 species of scorpions are known. 
The smallest scorpion is Microbutkus pusillus 
(1*2 cm) and the largest scorpion is African 
Paniinus imperator (18 cm). The other well- 
known scorpions are Scorpio , Palamnaeus , 
and Buthas. 


Habit and Habitat 

The scorpions arc usually inhabitants 
of warm tropical regions. They are 
nocturnal, cryptic animals well known for 
their rapacious habit. They love shade and 
avoid heat. Some live in deserts, some in 
mountainous areas and several scorpions 
are seen in rain forests. These organisms 
spend the daytime within sands, crevices, 
holes and under stones and logs. Often the 
scorpions are seen within the household 
furniture and clothings. At night they be- 
come active and prey upon spiders, cockro- 
aches and other insects. While walking it 
usually raises the body from the ground 
on the legs. Scorpions can live for a long 
time without food and water and often are 
seen to practise cannibalism. It can dig 
hole by its three anterior pairs of legs and 
possesses delicate sense of touch. 

External structures 

The body of scorpion is elongated, narrow 
and dorso-ventrally flattened (Fig. 16.104). 



Fig. 16.104. External features of scorpion. A. Dorsal view. B. Ventral view. 
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The colouration of scorpion varies from 
yellow, orange to black and it depends 
upon the background of its living 
place. The segments are distinct and are 
organised to form two tagmata — Prosoma 
or Cephalothorax and Opisthosoma or Abdo- 
men. Both these parts have exoskeletal 
coverings and several structures are present 
in the two regions. 

Prosoma or Cephalothorax. As in 
Prawn, here too, the head and thorax have 
fused to form prosoma. It is enclosed dor- 
sally by a single square carapace formed by 
the fusion of terga. Ventrally it is bounded 
by a single triangular plate, formed by 
the fusion of sternites. A median notch 
splits the anterior margin of the carapace 
into two frontal lobes. Following struc- 
tures are present in the cephalothorax: 
(1) Eyes. The dorsal side of the carapace 
bears a pair of median eyes . Several lateral 
eyes are seen along each side of the carapace. 
Number of lateral eyes on each side vary 
in different sp ^ ; r\s but usually ranges from 
2-5. Both the median and lateral eyes are 
simple eyes but differ in their construction. 
Some scorpions (cave- dwelling forms) 
have secondarily lost their eyes. (2) Ap- 
pendages. Six pairs of appendages on 
the ventral side of the prosoma include a 
pair of chdicerae. a pair of pcdipalpi and 
four pairs of walking legs (Fig. 16.105). 
(a) Ckelicerae. These small paired appen- 
dages are present on the anterior 
side of the mouth. Each one is com- 
posed of three articles. The proximal 
article remains beneath the carapace and 
the other two parts constitute a distal 


chela or cutting surface. When not in 
use, the chelicerac remain hidden beneath 
the carapace. ( b ) Pedipalpi. This second 
appendage is postoral and consists of 
following six articles from proximal to 
distal end —coxa, trochanter , humerus , 
brachium , manua and movable finger . At the 
proximal end, the coxa carries an anter- 
iorly directed sharp blade-like structure 
called gnathobase. The gnathobases of the 
two sides work like scissors to cut the prey. 
At the distal end, the extension of manus 
forms an immovable Jinger . The inner bor- 
ders of the movable and immovable fingers 
carry denticles and serve as chela for 
holding. The pcdipalpi are strongly deve- 
loped and are used for capturing prey, 
feeling the environment and to hold the 
partner during nuptial dance, (c) Walking 
legs . Each of the four pairs of walking legs 
is composed of seven articles and at the 
distal end bears a pair of sharply pointed 
claws. The seven parts from proximal to 
distal end are — coxa , trochanter , femur , 
patella , tibia , pretarsus and tarsus . The entire 
surface of each leg is beset with bristles 
and spurs. In each of the first and second 
pair of legs, the coxa is movable and has 
anteriorly directed gnathobases which ope- 
rate during feeding. In the remaining legs, 
the coxae are immovable and devoid of 
gnathobases. The sternum, in between 
these two pairs of legs, bears a specific 
outline, which is of considerable import- 
ance in classification. 

Opisthosoma or Abdomen. It is flat and 
immovably attached to the cephalothorax. 
The opisthosoma is divisible into two parts 




Fig. 16.105. Appendages of scorpion. A Pcdipalp, B — Gheliccra, C “ First walking leg. 
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— mesosoma and metasoma . The seven seg- 
mented mesosoma is broad at the anterior 
end and narrow posteriorly. The meta- 
soma is narrow, elongated and made up 
of five segments which appear as jointed 
rings. The metasoma remains bent over 
the body and is movable. A soft skin sepa- 
rates the terga and sterna of mesosoma, 
but such skin is absent in metasoma. 
Following structures are seen in the abdo- 
men or opisthosoma: (1) Genital oper- 
culum. It is present as a movable, bifid 
flap on the mid-ventral region of first 
mesosoma. It covers the reproductive 
opening. (2) Pectines. These peculiar pair- 
ed structures are present on the ventral 
side of second mesosomatic segment. Each 
pectine is formed of a throe-segmented 
shaft carrying at the free posterior end a 
row of 4-36 movable processes like the 
teeth of a comb. Pectines are tactile sense 
organs and are probably olfactory too. Pec- 
tines are larger in males than in females. (3) 
Stigmata. These are slit-like openings com- 
municating with the inner respiratory or- 
gans called the book lungs . Each segment 
from third to sixth bears on the ventro-late- 
ral border a pair of such stigmata. (4) Poison 
gland. The terminal segment of metasoma 
is bulb-like and contains a slightly curved 
sharply pointed poison sting. The bulb 
contains a pair of poison glands which 
open on each side below the tip. The 
glands are operated by a special muscle 
inside the bulb. The venom is used to 
kill the prey. It contains a paralysing 
neurotoxin which may affect respiratory 
movement specially in children and 
elderly people. 

Integumentary system 

The integumentary system forms the 
exoskeletal covering. As in other arthro- 
pods, here also it consists of three parts — 
cuticle , hypodermis and basement membrane. 

Cuticle. The cuticle is divisible into a 
very thin (0’004 mm) outermost epicuticle 
and a thick basal proculicle. The epicuticle 
does not contain chi tin and is impervious 
to water. The procuticle contains chitin 
and a polysaccharide related to cellulose 
and is permeable to water. The procuticle 
may again be divided into an outer 
exocuticle and inner endocuticle . The cuti- 
cle is traversed by numerous canals which 
open through minute pores on the outer 
surface. 


Hypodermis. It is composed of a mono- 
layer of cubical epithelial cells. Some cells 
are peculiarly modified as tactile hairs 
and such hairs project out of the cuticle. 
The cuticle is formed by a product secreted 
by this hypodermal layer. Various coloura- 
tion of scorpion is due to the pigment 
content of the hypodermal cells. 

Basement membrane. It ls a thin non- 
cellular layer between hypodermis and the 
lower muscle layers. 

In various parts of the body the integu- 
ment may project either entirely as a hol- 
low process (spine, claw) or by the protru- 
sion of cuticle alone (denticles or chela). 

Endoskeleton 

The coxae of the walking legs are in- 
serted within the body and form internal 
skeletal structures for the attachment of 
muscles. These inner protrusions of coxae 
are called apodemes . In addition to apo- 
demes, a large triangular endosternite and a 
transversely placed diaphragm , work as 
endoskeletal framework. The endosternite 
is present obliquely between prosoma 
and mesosoma and has three pairs of pro- 
cesses^ -anterior, poster ior and horizontal for 
the attachment of muscles. The diaphragm 
is attached vcntrally with the' coxae of the 
fourth legs and dorsally tft the interseg- 
mental membrane between prosoma and 
the tergum of eighth segment. 

Digestive system 

It consists of alimentary canal and digestive 
glands. 

Alimentary canal. In addition to the 
usual three divisions — : fore gut , mid gut and 
hind gut , there is a distinct preoral cavity in 
front of the fore gut. 

The preoral cavity is bounded dorsally 
by two chelicerae , vcntrally by the gnatho- 
bases of the first two pairs of, legs arid later- 
ally by the coxae of the pedipalpi. A club- 
shaped labrum or rostrum ha (rigs within the 
preoral cavity. Fig. 16.106 shows the 
transverse section of the preoral cavity of 
scorpion. \ 

The sclerotised fore gut begins with 
a small opening called mouth (see Fig. 
16. 108A). It is placed inside the preoral 
cavity and near the base of the labrum. 
The mouth leads into a well-developed 
suctorial pharynx . The wall of pharynx is 
provided with numerous muscles. The 
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pharynx acts as a pumping organ to suck 
food through mouth. 'Fixe pharynx 
continues into a narrow cuticularised 
oesophagus which runs posteriorly between 
tritocerebrum of brain and suboesophageal 
ganglion to open into the mid gut. 

The epitheliated mid gut begins as 
stomach , which is small and sac-like. The 
stomach continues up to diaphragm 
and is followed by the intestine . The 
intestine is a straight tube and is distinctly 
divisible into a broad mesosomal part and a 
narrow metasomal part. The division is 
marked by the presence of two to four 
Malpighian tubules . From the mesosomal 
part of the intestine, five to six pairs of 
lateral hepatic ducts or caeca are given ofF to 
the digestive gland ( liver ). The metasomal 
intestine lying in the last metasomal seg- 
ment passes into the small cuticularised 
hind gut. The hind gut opens to the 
exterior through a ventral opening called 
anus, which is located in between the last 
segment and poison bulb. 



Tig. 16.106. Pr coral cavity of scorpion. 

(Transverse section.) 

Digestive glands. In scorpions, two 
sets of digestive glands are seen. They 
are salivary glands or stomach glands and 
gastric glands or liver. 

Salivary glands. These are paired 
glands present within the prosoma on 
either side of oesophagus. From each gland 
a duct opens within the oesophagus. The 
juice is known as saliva . 

Gastric glands or Liver. 'This is a pair 
of massive, much branched glands occupy- 
ing major part of the pro- and meso- 
somatic regions. The lateral ducts from the 
intestine are branched within die gastric 
glands to collect the juice. 

Mechanism of nutrition. The scorpion 
is carnivorous and predator but it lives on 


liquid diet. The food includes various 
insects and spiders. As it hunts in darkness, 
the food is found only when it comes in 
contact with the pedipalps and legs. It 
rarely chases the prey. The chela of the 
pedipalps strongly grab the prey* which is 
then repeatedly stung. The prey is then 
brought beneath the preoral cavity and 
with the action of chelicerae are torn into 
fragments. These small fragments are taken 
within the prcoral cavity. Here the food 
comes in contact with various enzymes like 
amylases, lipases and proteases . Only the di- 
gested part of the food is sucked inside the 
pharynx. Undigested part and the exo- 
skeletal part of the prey are discarded 
from preoral cavity. From intestine, food 
enters within the lateral ducts, where it 
comes in contact with juices from the liver 
for complete digestion. Residual matters 
are finally ejected through the anus. 

Respiratory system 

Respiratory organs are known as book 
lungs. Four pairs of such organs, one pair 
in each of the third, fourth, fifth and sixth 
mesosomalic segments, are housed within 
special chambers called pulmonary sacs. In 
embryos, the book lungs originate exter- 
nally from the ectoderm but in adult they 
are tucked in and are finally lodged within 
the inner pulmonary sacs. Each book lung 
consists of nearly 140 vertically folded leaves 
or lamellae (Fig. 16.107) with chitirious 
lining. These are the respiratory surfaces. 
The edges of the leaves remain attached 
with the wall of the pulmonary sac by one 



Fig. 16.107, Showing the structural organisa- 
tion of a book lung of scorpion. 

end, while the other end remains free. 
Each lamella contains a hollow cavity, 
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through which blood flows. The venous space. All these intra-lamcllar air spaces 
blood comes from ventral sinus and aerated communicate with a central chamber 
blood returns through pulmonary vein, called atrium or atrial chamber which opens 
In between two lamellae, lies a thin air to the exterior by spiracle. 


-hind gut 
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i ntestine 
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Fig. 16.108. Internal structures of scorpion. A. Alimentary system (lateral view). B. Heart and 
arterial system (lateral view). G. Nervous system (lateral view). 
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Mechanism of respiration. The work- 
ing of special set of muscles called dorso- 
ventral muscles and atrial muscles cause 
the contraction and relaxation of book 
lungs. When the book lungs are relaxed 
air rushes inside through stigmata to the 
atrial chamber and interlamcllar spaces. 
The diffusion of gases occurs in the inter- 
lamcllar spaces. When the muscles con- 
tract, the book lungs expel the air out. 

Circulatory system 

The circulatory system of scorpion in- 
cludes — blood , heart , arteries , veins and 
sinuses. 

Blood. lake that of prawn, blood is 
bluish in colour due to the presence of a 
copper containing respiratory pigment 
called haemocyanin dissolved in the 
plasma. In this liquid are suspended large 
and oval leucocyte like corpuscles. 

Heart. Elongated and tubular heart is 
present in mid-dorsal region and extends 
between eight!, and fourteenth segments. 
The heart consists of seven chambers -one 
in each of these segments (Fig. 16.103B). 
Heart is placed within a hacmocoelomic 
space called pericardium. Each chamber is 
in communication with the pericardial 


to the posteriormost tip of the body. It 
sends branches to the different parts of the 
posterior region. 

Five large sinuses , the pericardial , the 
dorsal , the ventral and the two laterals are 
present in scorpion for collecting blood. 
The dorsal sinus is placed above the peri- 
cardial sinus. The pericardial sinus receives 
oxygenated blood from the book lungs by 
several pairs of pulmonary veins — one pair 
from each segment. The upper w r all of the 
ventral sinus is connected with the floor of 
the dorsal sinus by means of seven pairs of 
veno- pericardial muscles. The contraction of 
heart drives blood to the different parts 
of the body through the arteries. The 
arteries finally open into the haemocoe- 
lornic spaces at the different parts of the 
body. The deoxygenated blood from diffe- 
rent parts of the body is collected first 
within lacunae and then into dorsal and 
lateral sinuses. Finally, the deoxygenated 
blood comes to the ventral sinus. From 
ventral sinus, blood is sent to the book 
lungs for oxidation. The oxygenated blood 
from each book lung returns to the peri- 
cardium through a pulmonary vein. When 
the heart expands, the blood from peri- 
cardial space enters within the cavity 
of the heart through ostia. 


Diagrammatic representation of course oj blood circulation in Scorpion : 

Arteries ■« — Heart <— Ostia <— Pericardium 


Blood lacunae among viscera 

Dorsal, lateral and perivisceral 

sinus 

cavity by means ol a pair of valve- like 
openings, ostia. 

Blood vessels. From each chamber of 
the heart arises a pair of lateral arteries in 
each segment. At the anterior end, heart 
sends a truncus arteriosus or anterior aorta , 
which sends a pair of branches to the ali- 
mentary canal and then bifurcates to form 
two vessels to supply different parts of the 
prosoma. The two branches towards the 
alimentary canal encircle the digestive tube 
and unite on its ventral side. After union, 
it runs posteriorly above* the ventral nerve 
cord and becomes supraneural artery . From 
the posterior end of the heart originates 
a branch known as dorsal aorta or posterior 
aorta which runs along the mid-dorsal line 


t 

Pulmonary vein 

t ' 

■ Ventral — — > Book lungs 

sinus 

Excretory system 

Several sets of excretory organs arc seen 
in scorpion: [a) j Malpighian tubules, ( b ) Coxal 
glands , ( c) Large nephrocytes and (d) Lymph 
tissue organ. 

(a) Malpighian tubules. Two to four 
Malpighian tubules are present near the 
beginning of the mctasomatic part of the 
intestine. One end of these thread-like 
tubes opens within the intestine. The other 
end is blind and removes excretory material 
as guanin and uric acid. Malpighian tubu- 
les in scorpion have different embryonic ori- 
gin and thus arc not homologous to those 
of insects. One Malpighian tubule enters 
within the salivary gland and the others 
penetrate within the lobes of the liver. 
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( b ) Coxal gland. These paired glands 
are present in the prosomatic region, one 
on each side and near the base of third 
walking leg. Internally, each gland has 
three parts — end sac , labyrinth and bladder . 
From bladder, a slender duct arises and 
opens through a minute aperture, present 
at the base of third walking leg. The coxal 
glands usually eliminate uric acid. 

(c) Lakge nephrocytes and (d) Lymph 
tissue organ. These specialised struc- 
tures are present in the wall of the 
mesosoma and are believed to be both 
phagocytic and excretory in functions. The 
lymph tissue organ is absent in the family 
Buthidae. 

Nervous system 

The nervous system is built up on typical 
arthropod plan and consists of central 
nervous system , peripheral nervous system and 
sense organs. 

Central nervous system. The central 
nervous system does not exhibit extreme 
condensation which is the peculiarity of 
other arachnids. It consists of a pair of small 
supraoesophageal ganglia or brain situated in 
the prosoma and in between the median 
eyes (Figs. 16.108G & 16.109). In each 
side, the brain sends a circumoesophageql 
connective . It encircles the oesophagus and 
unites with a ventromedian suboesophageal 
ganglion. The suboesophageal ganglioi) is 
formed by the fusion of ganglia of 
second to eleventh segments. A double 
ventral nerve cord arises from the suboeso- 
phageal ganglion and runs posteriorly up 
to the fourth segment of the metasoma. 
In the mesosomal part, the nerve cord 
is narrow' and round in cross-section 
but in the metasomal part it is tape-like 
and flat. The nerve cord bears three 
ganglia in the mesosomal part (Pre abdo- 
minal ganglia) and four in the metasoma 
{Postabdominal ganglia). The last metasomal 
ganglion is formed by the fusion of ganglia 
belonging to eighteenth and nineteenth 
segments. 

Peripheral nervous system. From 
brain arises a pair of optic nerves to supply 
median and lateral eyes. Numerous slender 
nerves also originate from brain to innervate 
the preoral cavity, pharynx and oesopha- 
gus. From suboesophageal ganglion six 
pairs of lateral nerves arise to supply 
the prosomal appendages and two to four 
pairs of vagus nerves to supply the pectines, 


genital operculum and first two pairs of 
book lungs in the mesosomal part of the 
abdomen. From each ganglion on the 
ventral nerve cord, paired nerves are given 
out to innervate various structures in the 
corresponding segments. The two pairs of 
posterior or metasomal book lungs are 
supplied by nerves from the first two 
metasomal ganglia. 



Fig. 16.109. Nervous system of scorpion. 

(I)orsal view.) 

Sense organs. The sense organs of scor- 
pion include sensory setae , trichobothria , slit 
sense organs , pectines and eyes. ^ 

Sensory setae. These at$ fine hair-like 
structures with supply of nerye fibres. Such 
hairs are sparsed all over the cuticle. 

Trichobothria. Each tfrichobothrium 
is composed of a seta whijbh is inserted 
within a cuticularised flask-shaped both - 
rium through the middle of a circular 
outer membrane. ©Within the bothrium the 
seta bends and gradually tapers within a 
flu'd-filled cylinder to become a helmet- 
like structure. This helmet-like tip of the 
seta is supplied by branches of nerve fibres. 
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Each trichobothrium is capable of moving 
the seta in one direction only and is sen- 
sitive to air current. There are about 66-68 
trichobothria on each chela and are 
arranged in different planes. 

Slit sense organs. These sense organs 
are distributed all over the body, but are 
usually crowded over the appendages. 
Each slit sense organ consists of an outer 
slit with an epicuticular membranous 
covering. Each slit measures nearly 0*005- 
0*16 mm in length and 0*002-0*003 mm 
in breadth. The slit leads into a crevice 
which penetrates within the procuticle as 
a membrane-lined tube. Numerous fine 
nerve fibres supply the inner wall of the 
tube. The sense organ chiefly reacts to the 
movement of the joint and also works as 
vibration receptor. 

Pectines. The structure of pectine has 
already been described. These arc tactile 
sense organs and play important role in 
food capture. The males use it for the 
detection of .i.^nble surface to deposit 
sperinatophores and the females use it for 
collecting sperinatophores. 

Eyes. Both the median and lateral eyes 
are simple and are provided with lens. 
The median eyes are diplostickus type ; 
here the hypodermal cells in the lower part 
of the lens are transformed into a vitreous 
body and the rliabdome of the retinulae is 
made up of five rhabdomeres. The lateral 
eyes are monostichus type. Here vitreous 
body is absent and the structure of rhab- 
dome is irregular. The function of both the 
median and lateral eyes is not understood. 
Being a nocturnal animal it depends very 
little on eyes. It shows negative phototro- 
pism but is often attracted by strong glare 
of light, i.e. campfire, lantern, etc. 

Reproductive system 

Scorpions have separate sexes but the 
sexual differences are not distinct. The 
males are marked with narrower abdomen 
and powerful pedipalpi than females. The 
pectines of male contain more teeth than 
females. 

Mai,e reproductive system. The male 
reproductive organs or testes are paired, 
laterally placed tubular organs, present in 
the third to sixth segments of the preabdo- 
men. These are connected to each other 
by transverse tubes (Fig. 16. 1 10A). Thread- 
like sperm cells are collected from the testes 


by a pair of vasa defer entia. Each vas de- 
ferens begins from the outer border of the 
testis and runs anteriorly along the lateral 
wall of the body cavity. Each vas deferens 
opens within a genital chamber . Immediately 
before opening into the genital chamber, 
the vas deferens receives accessory gland and 
a broad seminal vesicle. Posteriorly, the geni- 
tal chamber is drawn into a bag-like 
paraxial organ y which contains a spiny and 
grooved chitinous rod called flagellum. The 
two genital chambers unite to form a 
common genital chamber , which opens to the 
exterior through a genital pore beneath the 
genital operculum in the first mesosomal 
segment. The sperms remain stored in the 
seminal vesicle. The paraxial organ pro- 
duces a structure called spermatophore . 
During copulation, the spermatophore 
enters the genital chamber and receives the 
sperm cells from the seminal vesicle. The 
accessory glands produce a kind of cemen- 
ting material to constitute the adhesive 
stalk of the spermatophore and also for 
sealing the two halves of the spermato- 
phorc. A spermatophore is 5 mm in length 
and is deposited on a suitable substratum 
at 45° angle (Fig. 16.1 10B). Each sperma- 
tophore consists of a lower stem and a base 
for attachment and the stem bears a sperm 
container and an ejection apparatus . With 
the ejecting apparatus is attached a 
dagger-shaped lever . 

Female reproductive system. The 
female reproductive organ or ovary is single 
and it includes three elongated tubes or 
ovarioleSy with numerous tubular intercon- 
nections (Fig. 16.1 10C), It is present in the 
same position of preabdomen as that of 
testes in the male. Within the inner lining 
of the tubular ovariole, the eggs or ova are 
produced but are not released before fertili- 
zation. Within the ovary the eggs grow 
on bud-like processes, called follicles which 
may be of varied shapes in different scor- 
pions. Two oviducts, one from each lateral 
ovarioles, run anteriorly and unite to form 
a common oviduct or genital chamber . The 
chamber opens to the exterior through 
small opening beneath the genital operculum . 

Mechanism of reproduction. TJie scor- 
pion is noted for its peculiar courtship 
dances (Fig. 16.1 10 a-c).* The male, while 
approaching a female flickers the post- 
abdomen vertically. When the female 
responds by doing similar movement, the 
male grabs the female’s pedipalps with its 
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dages appear in the mcsosoma but the ap- 
pendages in the fourth to seventh segments 
are tucked in to form the book lungs. Newly 
born scorpion resembles its mother and 
immediately after birth climbs on her 
back. It remains therefor 40 63 days and 
undergoes three moults. It then starts 
independent life but maturity takes 1-5 
years to complete and during that time the 
scorpion moults seven times. 

Example of the Phylum Arthropod a — 

SPIDER 

Habit and Habitat 

The spiders are of various types (30,000 
species) and are seen to be adapted to the 
various environmental conditions. Broadly 


to capture even birds. The examples of 
common spiders are Nephila (garden 
spider), Lycosa , Salticus (both are hunting 
spiders) and Latrodectus (Black widow) . The 
largest spider Theraphosa leblondi of Guyana 
may grow up to 9 cm in length. 

External structures 

The body is divided into two regions— 
cephalothorax or prosoma and abdomen or 
opisthosoma (Fig. 16.111). The outer part is 
covered by a hard exoskeleton which exhibits 
diverse striations and colourations in 
different types. 

Cephalothorax. The cephalothorax is 
covered dorsally by a uniform carapace and 



Fig. 16.1 1!. External features of spiders. 


speaking, the spiders may be grouped 
into — wanderers (do not spin) and spinners 
(web some form of net). Most of them 
capture insects and some forms are known 
29 £vol. i, 76] 


ventral ly by a broad, strongly built unseg- 
mented sternum . The cephalic or head part 
contains eyes , appendages and mouth . 

Eyes. The eyes are simple but distinctly 
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developed. Eyes are never more than eight 
and are placed in two transverse rows. 
Each row consists of two median eyes and 
two lateral eyes are placed one on each 
side of the median eyes. 

Appendages. Two pairs of cephalic appen- 
dages are known as chelicerae and pedipalpi. 
The first pair, i.c. chelicerae is placed ante- 
riorly on the dorsal side of the mouth (Fig. 
1 6. 1 1 2 A, B) . Each is made up of two parts 


Mouth. Mouth is bounded by two lips 
— upper lip and lower lip . 'Hie upper lip, also 
known as rostrum , is present between cheli- 
cerae and pedipalpi and its inner side 
constitutes the upper part of the epipharynx. 
The lower lip or labium forms the ventral 
part of the mouth and help in sucking 
liquid food. 

Both the tergum and sternum of the 
thorax have grooves along which the body 



Fig, 16.112. Diagrammatic view ol cephalic appendages of spider. A. Magnified view ol' head to 
show the position of chelicerae. B. Enlarged view of a chcliccra. C. Magnified ’icw ol a pcdipalp. 
D. Enlarged structure of palpal organ or intromittent organ. 


— broad basal segment and terminal 
clawed part. Within each chcliccra and 
often extended within the cephalothorax, 
lies a cylindrical poison gland. The poison 
duct opens at the convex side of the claw. 
The chelicerae may be modified in differ- 
ent groups according to the way of life. 
The pedipalpi may be leg-like, antenna- 
like or reduced. In some, together with 
chelicerae it forms a preoral chamber . The 
pedipalp consists of six segments ; the basal 
one is called coxa and this is followed by 
trochanter , femur , patella , tibia and tarsus. 
The tarsus consists of a single segment and 
metatarsus is absent. An intromittent organ 
or palpal organ is present at the base of 
the distal article of eacli pedipalp (Fig. 
16.112 C,D). 


muscles remain attached. Four pairs of 
walking legs arc present in the thoracic 
region. Each leg is made up of the 
following seven segments — coxa , trochanter , 
femur , patella , tibia , metatarsus and tarsus. 
'Fhe tarsus is provided with, a pair of comb- 
like claws. 

Abdomen. It is connected to the 
cephalothorax by a thin pedicel. The pedicel 
remains covered under the abdomen. The 
anterior part of the abddmen is concave 
and is called epigastrum. It is separated from 
the rest by an epigastric furrow. The abdo- 
men contains tlie following structures: 
(1) Stigma or Spiracle. Four in number 
and communicate with the respiratory 
organs. The position of the spiracle varies. 
In some, it may open posteriorly on the 
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vdntral side of the segments VIII and IX. 
In others, posterior spiracles may be at the 
posterior end of the abdominal segments. 
(2) Genital apertures. In both the sexes, 
the reproductive openings are present at 





^orifice 

Fig. 16.113. A. Enlarged view of the posterior 
part of spider. B. Magnified view of a spinneret 
of spider. G. Different types of spinning tubes 
(enlarged) . 

the side of the book lung and in the 
middle of the epigastric furrow. In the 
male the opening is simple but in the 
female it is associated with a complex 
structure epigynum. 

Silk gland and Spinnerets 

The silk glands are fairly large and pre- 
sent in the 10th to 11th segments. Each 
gland is lined by a single layer of cells. 
These cells produce silk, which pass 
through spinning tubes . The silk glands 
vary in different species. In orb spiders, 
there are six kinds of silk glands, each 


liberating a special kind of silk. The silk 
of spider is highly elastic and has the maxi- 
mum tensile strength. The silk is composed 
of fibroin , a kind of protein. Each thread is 
cither flat or cylindrical and its diameter 
varies. The spinnerets are specialised struc- 
tures for spinning silk (Fig. 16.113). The 
number of spinnerets vary in different 
spiders. These are present on the posterior 
part of the abdomen. These are called 
fore, mid and hind spinnerets. Each 
spinneret has a stout base, but the tip is 
membranous and covered by barbs and 
hairs. Over the surface of the spinning 
lield there are many spinning tubes which 
are of different shapes. Special structures 
called the cribellum (accessory spinning 
organ) and calamislrum (brush-like hairs 
on the metatarsus of the 4th leg) are often 
present to work with the spinnerets. 

Digestive system 

'The alimentary canal is divisible into 
(a) fore gut , (b) mid gut and ( c) hind gilt (Fig. 
16.114A). The fore and hind guts are 
lined by cuticle and the mid gut has 
epithelial lining. 

The fore gut consists of following parts : 
(?) mouth , Hi) pharynx , (iii) oesophagus and 
(iv) stomach. The lateral walls of the 
mouth parts are provided with rows of 
minute 1 iairs which filter out small par- 
ticles. The pharynx is broad and flat and 
leads to a narrow oesophagus. 'The oeso- 
phagus has a small diverticulum which 
bears chemoreceptors to determine the 
taste of thc T food. The stomach has folded 
wall with thick chitinous lining. The 
stomach possesses two sets of powerful 
muscles, one set is responsible for con- 
traction of the stomach and another set 
dilates it. 

The mid gut sends diverticula or caeca 
within the cephalothorax and it sends 
branches towards each leg. The abdomen 
is also filled up with several diverticula from 
mid gut. These are called liver or digestive 
diverticula. Each gland or diverticulum 
contains two types of cells: (f) secretory 
and (ii) absorptive . An albuminous subs- 
tance given out from the secretory cells 
mixes up with the food. These are then 
taken by specialised c$tts, within which 
the food is broken down into simpler 
forms. The absorptive cells collect indiffus- 
able and insoluble products. Such filled 
up cells are thrown out during egestion. 
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The hind gut is short and receives Malpi- 
ghian tubules . A cloacal diverticulum or ster- 
coral pocket is present posteriorly, where 
faeces are stored temporarily before being 
ejected through the anus. The opening 
and closure of the anus are controlled by 
sphincter muscles. 


tracheal trunks called sieve tracheae i give 
rise to several small tracheae. In all spiders, 
the tracheal system is well-developed in 
young stage. In early stage of develop- 
ment the tracheal spiracles are placed 
posteriorly which subsequently shift 
upwards. 



pericardium ostium caudal 



Fig. 16.114. Internal structures of a spider. A. Showing alimentary system and position gland. 
B. Showing respiratory, circulatory, reproductive (female) structures and silk apparatus. 


All spiders are carnivorous. The food 
ranges from flies to small birds. Most 
spiders spin webs for the capture of prey. 
The captured prey is first paralysed by the 
secretion of poison gland. The salivary 
glands present at the underside of the lip 
produce proteolytic enzymes, which are 
either poured or injected within the body 
of the prey. When the prey is softened, 
the spider sucks out the juice by the 
contractile action of the pharynx and 
stomach. Large particles are not allowed 
to enter into the gut by the setae and 
spines of the labrum. The transversely 
arranged ribs on the anterior wall of the 
pharynx also act as filter to remove 
particles. Further digestion and absorp- 
tion take place within the mid gut 
diverticula. Faeces pass into the hind gut 
and before final egestion remain 
temporarily stored within the stercoral 
pocket. 

Respiratory system 

Two types of respiratory organs are seen 
— book lung and tube trachea. Two pairs of 
book lungs are usually present in spider. 
The structure of the book lung is same as 
that of scorpion. Inside each book lung, 
sclerotked lamellae are arranged like the 
pages of a book. The book lungs open 
through stigmata or spiracles , one on each 
side of the genital pore and on the anterior 
and ventral surface of the abdomen. The 
tracheal system may be of varied types. 
In some (e.g. Dysderidae) i a pair of large 


Circulatory system 

The heart is abdominal (Fig. 16. 114B) 
and placed within distinct pericardium. In 
forms having less developed tracheal sys- 
tem, the heart is large and arterial net- 
work is well-developed. Two to live pairs of 
ostia open within it. The heart sends ( i ) an 
anterior artery , (ii) paired lateral arteries 
depending upon the size of the heart and 
(m) a posterior artery as extension of the 
heart. 

Excretory system 

The excretion in spider is carried out by 

(a) absorptive cells , (b) guanine cells , (c) neph- 
rocytes , id) Malpighian tubules and (e) coxal 
glands. 

[a) Absorptive cells are present in the in- 
testinal wall. Some of these cells collect 
egestable substances. These cells either 
pour their contents inside the lumen of the 
gut or the entire cell drops into lumen 
and are then removed >from the body. 

( b ) Guanine cells are also . distributed near 
the inner layer of intestine. These 
cells collect excretory products which are 
called guanates and release them within 
the lumen of the gut in liquid form. 
After coming to the cloaical pocket, these 
liquid guanates mix up with some acids 
produced by the hind gut and become 
crystalline. ( c ) Nephrocytes. These specialis- 
ed cells are present in the cephalothorax 
and are supposed to have some excretory 
functions, (d) Malpighian tubules . These are 
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the chief excretory organs and are repre- 
sented by two sets of pseudociliated dicho- 
tomously branched tubules which arise 
from the cloacal pocket. A rythm of mus- 
cular contraction which begins from the tip 
of the tubule drives the excretory products 
downwards. Each tubule is a syncitium 
and produces a slightly acid secretion. Mal- 
pighian tubules remain restricted to the 
abdomen. ( e ) Coxal glands. These glands are 
either one or two pairs and are confined to 
the prosoma. Each gland is a sac-like struc- 
ture and a short excretory duct from this 
sac runs up to the posterior end of walking 
legs. Their openings are placed at the 
posterior end of first and third walking 
legs. Where one pair of coxal glands is 
present, it opens through the first walking 
legs. 

Nervous system 

The nervous system exhibits highest 
degree of condensation. In the cephalotho- 
rax, the brain is represented by supraoesopha - 
geal ganglion. It , , connected with a large 
ventral suboesophageal ganglion , which is 
formed by the union of all the posterior 
ganglia. The sense organs include sensory 
setae , trichobothria , slit sense organs and eyes. 
The sensory setae are hair-like structures 
and remain scattered all over the surface, 
specially on legs. The elongated trichobo - 
thria, resembling those of scorpion, are 
present on the pedipalpi. The slit sense 
organs , like those of scorpion, remain dis- 
tributed over the integument. These are 
responsible for detecting vibration and 
sensing mechanical stresses. Eyes are simple 
but well developed. They are never more 
than eight and are arranged in two trans- 
verse rows. Each row consists of a pair of 
median eyes and a pair of lateral eyes on 
the sides. In median eyes, the rhabdomes 
face the lens but in other eyes the rhab- 
domes are moved inwards. 

Reproductive system 

The sexual dimorphism is the charac- 
teristic of the spiders. The males are 
much smaller than the females. 

In males, a pair of testes are present. 
Each testis includes several tubes which 
are arranged in parallel rows along the 
ventral margin of the abdomen. From each 
testis arises a genital duet which opens 
within a common median atrium . The 
male genital apertures are present in the 
abdomen near the stigmata. The pedipalp 


carries a palpal organ or intromittent organ 
(a structure used to transfer the sperm 
within female body). 

In females, the reproductive organs are 
paired ovaries (Fig. 16.114B). The ovaries 
unite posteriorly to form a common oviduct 
which enlarges as an atrium or uterus. A pair 
of seminal receptacles open within the 
atrium. It opens to the exterior through an 
aperture called vagina , which is located at 
the epigastric furrow. The female genitalis 
is covered in most cases by a complex 
structure called epigynum. It possesses a 
guiding groove and functions to guide the 
passage of male intromittent organ. On the 
side of each oviduct a spermatheca is present 
and is connected with epigynum groove. 

Breeding and Life history 

The reproductive behavior of spider is 
interesting and it varies widely. Usually, a 
mature male spins a kind of web, called 
sperm web. It deposits a drop of sperm 
on it. After a few minutes, the male 
immerses its intromittent organ repeatedly 
in that drop of sperm. Such dipping con- 
tinues for one and half hour. When the 
organ is filled up, the sperm web is des- 
troyed. The male then looks for a ma- 
ture female. The female waits in her web 
and the male detects her with the help of 
its chemoreceptors. Various types of court- 
ship behaviours follow in different spiders. 
Finally, the male introduces either one or 
both the palpi within the female gonopore. 
The sperms are deposited in the seminal 
receptacles of the female. The fertilization 
takes place shortly before the laying of 
eggs. Some species of spider exhibit care 
of the eggs and youngs. A newly hatched 
spider moults 5-12 times before becoming 
an adult. Immediately before moulting the 
thickness of the exoskeieton reduces to one- 
third, due to prior enzymatic digestion of 
the endocuticular part. The spider takes 
no food immediately before or imme- 
diately after moulting. 


Example of the Phylum Arthropoda — 

PE RIP ATI IS 

Peripatus belongs to the group Onycho- 
phora. Formerly the onychophora was 
treated as a class and ft was placed as an 
appendix to the phylum Arthropoda, but 
recently it has been given the status of a 
separate phylum. In the present text. 
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Peripatus is described as an example of the 
phylum Arthropoda. Nearly 70 species are 
included within the class and the largest 
species is Peripatopsis torqualus , having a 
length of 15 cm. Peripatus is seen in tempe- 
rate and tropical areas of Southern Hemis- 
phere, north of Caribbean, Central Mexico, 
S. E. Asiatic islands, India and the regions 
of Africa wliich are south of equator. The 
following genera are found in different 
parts of the world : (i) Peripatopsis (America 
and Africa), (ii) Paper ipat us (Indo-Malay), 
(iii) Peripatoides (Australia), (iv) Ooperi - 
patus (Australia), (v) Opisthopatus (Chili 
and South Africa), (vi) Paraperipatus (New 
Britain), (vii) Peripatopsis (Central Ame- 
rica) and (viii) Typhloperipatus (Eastern 
Himalayas) . 

Habit and Habitat 

These are terrestrial animals and arc 
denizens of humid localities. Its favourite 
residing places are within litter, under- 
neath of logs or stones in forests or in 
areas near water. It is insectivorous and 
die food is captured by spurting mucus 
from the adhesive glands of oral papillae. 
Such spurting may go up to 30-50 cm. On 
the body of the victim the secretion forms 
a sticky web but on the skin of Peripatus 
it turns into droplets. 

External structures 

The body of Peripatus is caterpillar-like 
(Fig. 16.115). It is soft, elongated and 


The entire body may be divided into 
(a) an indistinctly set off head and ( b ) an 
elongated trunk . 

Head. The head of Peripatus (Fig. 
16.116A) consists of following structures: 

(1) PnosTOMiuMor acron. It is the anterior- 
inost part of the head. It bears a pair of 
eyes but paired appendages are absent. 

(2) Antennae. One pair of antennae re- 
present the first pair of appendages. The 
entire surface of each antenna is surround- 
ed by numerous spiny rings. The slightly 
narrow anterior end of each antenna is 
enclosed by a sheath of spiny tissue. 

(3) Mandibles. A pair of mandibles 
constitute the second paired appendages. 
These are present deep inside the mouth 
cavity. Each mandible is small, muscular, 
stumpy and provided at its free end with 
a pair of sharp cutting blades. The base 
of the mandible is extended posteriorly 
up to the second leg- bearing segment. A 
chitinous rod, apodemc is secreted from the 
base of the mandible and acts as site for the 
attachment of muscles. The salivary duct 
from salivary gland opens behind the man- 
dible. (4) Oral papillae. Third paired 
appendage is a pair of oral papillae. Each 
papilla is situated at the sides of the head. 
The terminal end of the papilla serves as 
the exit of a special kind of gland, called 
slime gland . Mouth is present immediately 
behind the oral papillae and on the ventral 
side. 



Fig. 16.115. External features o f Peripatopsis (after Balfour). 


roughly cylindrical. The segmentation is 
indistinct and marked only by the presence 
of paired appendages. Numerous superfi- 
cial lines or annuli mark the body, but 
such annuli do not correspond to seg- 
mentation. The colouration usually varies 
from dark gray to brown. But red, blue and 
green colourations are also marked. 


Trunk. The trunk is deyoid of cxoskele- 
tal coverings and its skin Sis drawn into a 
number of ridges along ^vhich wart-like 
papillae are placed. The) trunk possesses 
14-43 pairs of legs. Legs are all alike 
and are placed at regular intervals. 
Each leg is hollcvw arid cone-shaped but 
appears as if squared off at the tip (Fig. 


n,b. Peripatus is a common name. Earlier all the species under class Onychophora were grouped under 
a single genus Peripatus. This practice has recently been rejected. Different species have now been put 
under twelve genera. 
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genital pore 


spiniferous pads 



Fig. 16.1 1G. Magnified view of diHV'rr.rit parts of Peripaloftsis. A. Head. B. Posterior end. G. A leg 
(after Hcgner). 


1F>.116C). The tip bears a white flat pad 
and two slender claws within a pocket. 
Entire surface of the leg consists of nume- 
rous papillae. 'The anus which serves as the 
outlet of alimentary canal is present at the 
posterior end and behind the last pair of 
legs. The reproductive opening or genital 
pore is placed just in front of the arms 

(Fig. I6.U6B)/ 

Integumentary system 

The epidermis is made up of a single 
layer of cells and situated immediately be- 
neath the cuticle. The body is covered ex- 
ternally by a Hrxiblc chitinous cuticle 
which is nearly 1 mm in thickness. The 
hypodermis bears numerous short papillae , 
each containing a small fine seta. Various 
pigments which are responsible for its 
colouration are present in the hypodermis. 

Muscular system 

Beneath the hypodermis, following 
annelid-like smooth muscles arc arranged 
from outside to inside: (/) Circular , 
(2) Diagonal and (3) Longitudinal . The 
dorso-ventrally arranged muscles divide 
. the body cavity into two lateral and one 
median cavity. All the muscles are operat- 
ed by the turger pressure of the body fluid. 
In addition to the muscles of the body 
wall, there arc muscles which remain 
connected with the mouth, pharynx, jaws 
and alimentary canal, lt^niay be mention- 
ed that the jaw muscles are striated. 

Locomotion 

Peripatus moves by walking on all its 


legs excepting the first three anterior pairs. 
While walking, the legs raise the body 
above the ground. On slippery surface, the 
claws are extended. Each leg, while on 
ground, pushes backward thus its proximal 
attachment with the body moves forward. 
The leg is then raised and carried forward. 
I’he leg touches the ground only after the 
completion of forward movement. It lias 
been calculated that a group of peripatus, 
Peripatopsis , measuring 5-6 cm in length, 
can attain a speed of 50 60 cm per minute. 
Peripatus can easily crawl through crevi- 
ces or holes which are much smaller than 
the diameter of its body. 

Body cavity 

The major part of the body cavity is 
haemocoelic and is known as mixocoel. The 
mixocoel extends as four compartments — 
one central , two laterals and one pericardial. 
The lateral compartments extend within 
the legs. True coelom is restricted to the 
gonadal cavities and excretory organs. 

Digestive system 

The digestive system consists of alimen- 
* 'tv canal and digestive glands (Fig. 16.1 17A). 

Alimentary canal. It begins with mouth 
which is present immediately behind the 
oral papillae. The mouth is enclosed by 
the oral or peribuccal lobes which form 
a preoral cavity. The mandibles or jaws arc 
present within the cavity and remain pos- 
teriorly directed. Each mandible is provid- 
ed with a small base and a pair of sickle- 
shaped, tooth-like claws. The jaws work 
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independent of each other and operate 
from anterior to posterior end. The mouth 
leads into a pharynx. The cavity of pharynx 
is lined by chitin and in cross-section it 
appears X-shaped. The wall of the 
pnarynx is raised to increase the cavity. 
Such movement of pharynx produces 
a sucking action. The pharynx opens 
to the chitinous oesophagus having weak 
muscular wall. The oesophagus leads to a 
straight mid gut which is lined by endo- 
derm. The caeca are absent. The mid gut 
enters into the hind gut which in turn 
communicates to the exterior by an aper- 
ture, anus. The hind gut is lined by 
chitin. 

Digestive glands. Most important di- 
gestive gland is a pair of salivary glands. 
Each salivary gland is slender, tubular and 
elongated. The salivary glands extend from 
third to tenth and sometimes up to tliirty- 
lirst segment. The two salivary ducts fuse and 
open within the preoral lobe. In some forms, 
a reservoir is present. The lining of mid- gut 
is also responsible for producing digestive 
juices. 

Mechanism of nutrition. Peripatus is 
insectivorous and its food includes insects 
like grasshopper. A prey, when detected, is 
captured by the spurting of slime from 
slime gland. It is then held firmly by the 
lips and sucking action of the pharynx. 
The jaws work to slit open the prey and 
saliva, containing various enzymes, is 
poured over the victim through the slit. 
The saliva digests the soil part of the prey 
and these nutritive fluids are drawn in. 
The peristaltic action of the mid gut wall 
forces the material to pass posteriorly 
through its lumen. The cells of the mid gut 
secrete a thin membrane around the food 
particles. Various juices from the lining of 
the mid gut penetrate this membranous 
envelope and digests the food further. The 
digested materials come out of the mem- 
brane and are absorbed by the absorptive 
cells in the mid gut lining. The residual 
matters which remain within membrane 
gradually pass to the hind gut and are 
finally ejected through the anus. 

Respiratory system 

Respiratory organs are network of 
tracheae. The tracheal tubes are usually 
delicate, distally branched and possess 
faint transverse striations. The tracheal 
openings are scattered over the surface of 


the body and are placed in the depressions 
between the papillae or ridges of the skin. 
Each metamere contains nearly 75 
spiracles. The tracheal system of Peripatus 
is markedly different from that of cock- 
roach in that the spiracles in this case 
are devoid of any closing mechanism. 
The condition, however, adversely affects 
the animal by loss of water in great 
quantity. 

Vascular system 

Heart is a median tube placed on the 
dorsal side of the gut. It extends from the 
metamere bearing first pair of legs to the 
metamere immediately before last. It is 
enclosed by a pericardial sinus with which it 
communicates through paired ostia. The 
ostia are segmentally arranged and their 
number depends upon the number of 
segments. No other definite blood vessel 
is found. The pericardial sinus is separa- 
ted from the general body cavity by a 
longitudinal partition. 

Excretory system 

Excretion is carried by (I) nephridia , (2) 
mid gut lining and (3) pericardial cells . The 
nephridia (Fig. 16.1 1 7B) are paired struc- 
tures, segmentally arranged in the lateral 
chamber of the body cavity and correspond 
to the pairs of legs. A typical nephridium 
consists of a long ciliated funnel, a coiled duct 
and a contractile bladder called vesicle. The 
first three pairs of nephridia arc poorly 
developed and each bears a vesicle and a 
duct. The coiled part consists of following 
portions — a tightly packed part that ends 
through a spacious opening and the elon- 
gated part that leads to the vesicle. The 
vesicle communicates to the exterior on the 
ventral surface of the legs by a narrow pass- 
age. It has been observed in Peripatopsis that 
nephridia release a drop of urine after 3-4 
days. The urine contains various nitro- 
genous compounds but not urea. Nephri- 
dia of Peripatus are, however, analogous 
to the nephridia cf annelids but homolog- 
ous to such excretory orgafrs of arthropods. 
In both, these are in the form of modified 
coelomoducts. For this reison, recent wor- 
kers prefer to call them coelomoducts and 
not nephridia. Cprtain cells in the mid gut 
lining collect uric acid crystals as excretory 
products. Pericardial cells act as nephro- 
cytes to remove excretory products from 
blood. Following glands of peculiar nature 
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are present in the body of Peripatus. These 
act as excretory organs. 

Coxal or Crural glands. Many, paired and 
serially arranged glands are present on the 
compartments belonging to the sides of the 
body cavity. Their ducts open to the 
undersurface of the legs just outside the 
excretory pores. The glands are usually 
present only in males. 

Anal glands . A pair of glands having 
uncertain functions open close to the anus. 
These are probably modified excretory 
organs. 

Nervous system 

Nervous system (Fig. 16.1 17B) consists 
of brain and a pair of longitudinal nerve cords , 


peripheral nerves and sense organs. Brain is 
present in the head region and is constitut- 
ed by a pair of compactly united supra - 
oesophageal ganglia . A pair of circumoeso- 
phageal connectives unite the brain with the 
ventral nerve cord. The entire area of 
brain may be divided into three parts: 
(<3) Protocerebrum . It is the portion which lies 
within the prostomium and it contains a 
central body and a pair of globuli. It 
sends optic nerves, (b) Deutocerebrum, It 
consists of a prominent antennal glommeru- 
lus and sends antennary nerves. ( c ) Trito- 
cerebrum . 1 1 is the smallest part of the brain 
which sends nerves to the mouth and 
the anterior region of the gut. The two 
longitudinal ventral nerve cords extend 
up to the posterior end along the two sides 




Fig. 16.1 17. A. Digestive system of Peripatus. B. Nervous and excretory systems of Peripatopsis 
(only a few nephridia are shown). 
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of the alimentary canal and unite near the 
anus. Along its entire length the two cords 
are connected by several transverse con- 
nectives and are separated from each other 
by dorso-vcntral muscle strands. One pair 
of simple and small eyes are present at the 
base of the antenna. Each eye is 0'2 0*3 mm 
in diameter, cup-like in appearance and has 
an outer cu titular cornea and thick lens 
(Fig. 16.118). In the inner layer the rod 



cells of retina are projected towards the 
lens at one end. The other end is connected 
with the branches of the optic nerve. Eyes 
can only feel the difference between light 
and shade and the animal moves away 
from light. The sensory cells which are 
present on the antenna are responsible to 
feel the way during locomotion. 

Numerous sensory papillae are distri- 
buted all over the body. Each papilla con- 
sists of a seta and group of sensory cells. 
These are responsible for determining air- 
currents and also act as tactile receptors. 
Specialised sensory cells are also present 
in the lining of buccal cavity to determine 
the taste of the food. 

Reproductive system 

Sexes are separate. Males are usually 
smaller than females. In males, the repro- 
ductive organs are one pair of tubular 
structures called, testes . From each testis a 
slender vas deferens opens through a funnel- 
like aperture into the vesicula seminalis. An 
elongated slender and coiled vas deferens 
arises from the vesicula seminalis and 


unites with its fellow from the other side to 
form a central tube called ejaculatory duct . 
The proximal part of the ejaculatory duct 
secretes a substance which packs the sperm 
cells to form spermatophores. The ejaculatory 
duct opens vcntrally tmd between the last 
pairs of legs. In females the reproductive 
organs, called ovaries, are also a pair of 
tubular organs. Two ovaries are fused at 
the anterior and posterior ends. From each 
ovary arises an oviduct which runs anteriorly 
and then bends to form a curved uterus. 
The two uteri unite to form a median 
vagina, which opens to the exterior through 
an opening which occupies the same posi- 
tion as in males. In some forms, a process 
called ovipositor is present near the genital 
aperture. 


Development 

Most of the species arc viviparous. But 
there may be oviparous and ovoviviparous 
forms. Some oviparous forms lay eggs with 
hard shell. T he size of the egg varies from 
0*0.3 mm to 2 mm in diameter. The ferti- 
lization is internal. At the time of repro- 
duction, the male deposits spermatophores 
on any part of the body of the female. 
Each spermatophore measures 0*2 mm in 
length and a female may receive 180 
spermatophores within a fortnight. In the 
female body numerous leucocytes appear 
within next 7 10 days in the area near 
spermatophores. These leucocytes dissolve 
the skin and cuticle of the female and that 
of spermatophores. T he sperm cells enter 
within the female body and How in the 
blood. After reaching the ovary, the 
sperms fertilize the eggs. Most sperms arc 
consumed by the immature ova. The 
pattern of development varies in different 
forms. In the viviparous forms the eggs 
remain within oviduct for 613 months, 
where development continues. The limbs 
and jaws originate in the same manner, 
that is, as external projections. In some 
groups a connection between the mother 
and the embryo is seen. Ne\y born young 
of Peripatopsis measures 22 mm in length. 
The moulting occurs after every 13-18 
days and the thrown out skirt is eaten up. 
Pcripatus lives for 6-7 years. 

Affinities 

T he features of Pcripatus have made it 
difficult to place it within any one of the 
ten major phyla. The detailed studies of 
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Peripatus have now confirmed that in 
addition to its own peculiar features it has 
characters common with three other large 
groups, Annelida, Arthropoda and Mol- 
Jusca. An account of such relationship 
is given below : 

A. Relationship with Annelida. Following 
features in Peripatus are akin to the anne- 
lids: (1) Segmentation in both is homoni- 
inus. (2) Presence of paired nephridia in 
almost every segment of the body. (3) Re- 
productive tracts are lined by cilia. (4) 
Skin is thin and flexible. (5) True head is 
absent. (6) Structure of the eye is same as 
in polvchaetes. (7) Slime glands and coxal 
glands correspond with the similar glands 
of chaetopoda. (8) Appendages are hollow. 
(9) Musculature is smooth and muscles 
operate in identical way. 

B. Relationship with Arthropoda . Following 
features show that Peripatus is more relat- 
ed to arthropoda: (1) The appendages 
are provided with claws. (2) Locomotion is 
not annelid- but takes place with the 
help of legs having definite musculature. 
(3; Jaws are modified appendages. 

(4) Presence of lateral ostia as doors 
between the heart and pericardial sinus. 

(5) Presence of hacmocoel or mixocoel. 

(6) Absence of perivisceral part of coelom. 

( 7) Body is covered with chitinous cuticle. 
(8) Jaws are provided with striated mus- 
cles. (9) Brain is large and resembles the 
brain of typical arthropods. (10) Presence 
of tracheae as respiratory organs. 
(11) Salivary glands formed by the modi- 
fication of nephridia. (12) Patterns of deve- 
lopment is same as in other arthropods. 

In spite of these similarities, Peripatus 
differs in many respects from the arthro- 
pods. (1) Arrangement of tracheae is 
not arthropod- like. Here in each segment 
there are numerous permanently opened 
spiracles. (2) Jaw is the modification of 
second appendage and the movements of 
jaws operate from anterior end and pro- 
ceed towards posterior end. (3) Forma- 
tion of skin is not like that of arthropods 
(4) Segments behind head are simple and 
identical. (5) Two ventral nerve cords 
are widely separated. (5) Structure of eye 
is less complicated. 

G. Relationship with* Mollusca. Slug-like 
appearance and ladder-like nervous system 
of peripatus resemble chiton and lower 
prosobranchiata. These led to include 
Peripatus among mollusca. But according 


to many scientists these semblances are 
only superficial. 

l’he characters of Peripatus have made 
it most interesting from the point of view 
of evolution. It is an oldest terrestrial group 
which probably originated from some 
marine ancestors. It has attained a number 
of features for terrestrial life, i.e. internal 
fertilization, viviparity, semi-solid excre- 
tory product, less permeable skin, etc. But 
at the same time the structure of spiracles 
speaks about its limitation on land life and 
thus shows its primitiveness. The resem- 
blances with annelids are probably the 
examples of convergence. The arthropodan 
features of Peripatus advocate a more 
closer relationship between the two. At 
the same time it shows marked differences 
from all the four classes of Arthropods. In- 
stead of calling Peripatus as a living ex- 
ample of transitory phase from annelid to 
arthropod it is logical to assume that pre- 
sent day arthropods and the onychophores 
bo tli originated separately from a com- 
mon ancestor. The onychophores re- 
mained as a blind alley but survived with 
all its primitiveness. 


CLASSIFICATION 

The phylum Arthropoda includes the 
largest number of animals. Such animals 
exhibit varied ranges of diversities. In spile 
of this diversity, the members of this phy- 
lum have some common features. In addi- 
tion, the arthropods carry some annelid fea- 
tures, specially resembling the chaetopods. 

The piesence of both unified and diver- 
sified features, have always made its 
classification difficult. Formerly arthropods 
together with annelids were included 
within a single group — Annulosa. But later 
studies separated them. 

Fhe classification, as followed in the text 
book ol Parker and Haswell, shows that 
the phylum Arthropoda is divided into 
seven subphyla. The subphyla are: 

S u b phy 1 u m I . O nychophor a 

Subphylum II. Tardigrada 
Subphylum III. Pentastomfda 
Subphylum IV. Trilobitomorpha 
Subphyliun V. Ghelicerata 
Subphylum VI. Pycnogonida 
Subphylum VII. Mandibulata 
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In recent studies considerate rearrange- 
ment has been made in the scheme of 
arthropod classification. 

The classification given below is based 
primarily on the studies of Vandel, A 
(‘In-Traite de Zoologie, Tome VI, ed. P. 
Grassa£* pp. 79 — 158, 1949) and Snod- 
grass, R. E. (Arthropoda, in ‘McGraw- 
Hill Encyclopedia of Science and Techno- 
logy* Vol. I, McGraw-Hill, New York, 
1960). Excepting trilobites, the other 
extinct arthropods are not included in the 
present account. 


GLASSIFICATION IN OUTLINE 

PHYLUM ARTHROPODA 

I. SUBPHYLUM TRILOBITOMORPHA or 
TRILOB1TA 

(i) Glass Trilobita, e.g. Agnosias 9 
Trinucleus. 


II. SUBPHYLUM ARACHNOMORPHA or 

CHELICERATA 

(i) Glass Merostomata 

Order Xiphosurida . e.g. Limulus , 
Tachypleus. 

(«) Glass Arachnida 

Order Scorpionida , e.g. Palamnaeus , 
Buthus . 

Order Uropygi , e.g. Mastigoproctus , 
Trithyreus. 

Order Amblypygi , e.g. Sarax , Myoda - 
lis. Tarantula. 

Order Palpigradi , e.g. Eukoenenia , 
Prokoenenia. 

Order Araneida , e.g. Araneus , Jr£- 
Lycosa , Latradectus . 

Order Ricinulei , e.g. Cryptocellus, 
Ricinoides . 

Order Pseudoscorpionida , e.g, Gary- 
pus, Faella. 

Order Solifugae, e.g. Galeodes, Ere - 
mobales. 

Order Opiliones, e.g. Trogulus , Mito- 
bates. 

Order Acarida , e.g. Trombicula, 
ArgaSy Boophilus, Dermacentor. 

(Hi) Class Pycnogonida, e.g. Nymphon , 


III. SUBPHYLUM MANDIBULATA 

( 2 ) Glass Crustacea 

(1) Subclass Cephalocarida. 

Order Cephalocarida , 

e.g. Hutchinsoniella, Lightiella . 

(2) Subclass Branchiopoda. 

Order Anostracay 

e.g. Arterniay Branchipus . 

Order Notostraca y 

e.g. TriopSy Lepidurus . 

Order Diplostracay 

e.g. Leptodora, Daphnia. 

(3) Subclass Ostracoda. 

Order Mydocopa , 

e.g. PhilomedeSy Cypridina. 

Order Cladocopa , e.g. Poly cope. 
Order Platycopa , e.g. Cytherella. 
Order Podocopa , 

e.g. Cypris, Darwimda. 

(4) Subclass Mystacocarida 
e.g. Derocheilocaris 

(5) Subclass Gopcpoda. 

Order Cahmoida, 

e.g. Calanus , Diaptomus. 

Order Harpacticoida, 

e.g. Atlheyella, Harp acticus . 

Order Cyclopoida, 

e.g. Cyclops , Ergasilus. 

Order Notodelphyoida> 

e.g. NotodelphySy Dampy gus. 
Order Xlonslrilloida, e.g. Monslrilla 
Order Caligoida , 

e.g. Caligus , Eudactylina. 

Order Lernaeopodoiday 
e.g. Brachiellay Lernaea. 

(6) Subclass Branchiura 
Order Branchiura , 

e.g. Argulusy Dolops. 

(7) Subclass Cirripcdia. 

Order Thoracica , 

e.g. Balanus, Lepas. 

Order Acrothoracicay 

e.g. CryptophialuSy Trypetesa. 
Order Apoddy e.g. Proteolepas. 
Order Rhizocephala y l 
e.g. Sacculinay Peltogasier . 

Order Ascothoracicdy 

e.g. Synagoga, Dendrogaster . 

(8) Subclass Ma'lacostraca. 

1 . Super order Phyllocarida 
Order Nebaliaceay 

e.g. Nebaliopsisy Nebalia, 
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2. Super order Hoplocarida 
Order Stomatopoda , 

e.g. Squilla , Coronida. 

3. Super order Syncarida 
Order Anaspidacea, 

e.g. Anaspides , Par anas picks. 

4. Super order Peracarida 
Order Mysidacea , 

e.g. Mysis, Af corny sis. 

Order Citmacea, 

e.g. Cumopsis , Diastylis. 

Order Tanaidacea , 

e.g. Tanais , Neotanais . 

Order Isopoda , 

e.g. Oniscus , Ligia. 

Order Amphipoda , 

e.g. Ganmarus , Caprclla . 

5. Super order Eucarida 
Order Euphausiacea , 

e.g. Euphausia , Ncrnatoscelis. 

Order Decapoda , 

e.g. Palaemon , Homarus, Palinurus, 
Scyiiarns , ilippa , Eupagurus . Cancer. 

(ii) Class Chilopoda 
Ord er Sculigeromo rpha , 
e.g., Scuttgcra. 

Order Lilhobtomorpha . e.g. Lithobius. 
Order Scolopmd r onto rpha , 
e.g. Scolapendra . 

Order Geoph Homo rpha , e.g. Geophilus. 

(in) Cl .ass Symphyla, 

e.g. Scutigcrclla , Scolopendrdla . 

(«;) Class Pauropoda, e.g. Pauropus . 

(o) Class Diplopoda 

(fl) Subclass Pselaphognatha 
Order Pseluphognalhae , 
e.g. Polyxenus. 

(b) Subclass Chilognatha. 

Order Platydesmida , e.g. Platydesmus. 
Order Polyzoniida , e.g. Polyzonium. 
Order Polydesmida , e.g. Polydesmus . 
Order Chordcumida , e.g. Chordeuma. 
Order Julida , e.g. Julus. 

Order Spirobolida , e.g. Spirobolus. 
Order Spirostrcptida , e.g. Thy ropy gus. 

(vi) Class Insecta or Hexapoda 

(a) Subclass Apterygota 

1 . Super order Eatognatha 
Order Protura, 

e.g. Eosentomoriy Acerentomen. 

Order Collembola, 

e.g. Isotoma, Neanura. 


Order Diplura , 

e.g. Campodea, Heterojapyx . 

2. Super order Ectognatha 
Order Thysanura , 

e.g. Lepisma , Machilis. 

Subclass Pterygota 

1 . Section paleoptera 
O rder Ephemeroptera , 

e.g. Ephemera . Hexagenia. 

Order Odonata , 

e.g. Aeschna , Libellula , Ischnura. 

2. Section polyneoptera 
O rder Dictyoptera , 

e.g. Periplanela , Mantis. 

Order Isoplera , e.g. Termes, 
Odontotermes. 

Order J^oraptera, e.g. /~orotypus. 

Order Plecoptera , 
e.g Per la, I super la. 

Order Notoptera, e.g Grylloblatta 
Order Chekutoptera , 
e.g. Carausius , Phyllium 
Order Orthoptera , 

e.g. Hieroglyphus , Tryxalis , Locus ta , 
.SV/z £.y to cere a , 6' r>7 / talpa . 

Order Embioptera , e.g. Embia. 

Order Derrnaptera , e.g. Forficula . 

3. Section oligoneoptera 
O rder Coleoptera, 

e g. Photinus , Calandra , Adalia , 
Dincutus . 

Order Megaloptera , 
e.g. Sialis, Cotydalis . 

Order Raphidioptera , e.g. Raphidia . 
Order Planipennia , 

e.g. Afantispa , Afyrtneleon. 

Order Mecoptera , e.g. Panorpa. 

Order Trichoptera , e.g. Rhyacophilia . 
Order Lcpidoptcra , e.g. Par ides, 

Papiho, Bomhyx. 

Order Diptera , e.g. Anopheles , Musca. 
Order Siphonaptera , e.g. Pulex, 
Clvnocephalus . 

Order Hymenoptera , e.g. Vespa, 

Formica . 

Order Sticpsiptera , e.g. Sty lops. 

4. Section paraneoptera 
O rder Psocoptera, e.g. Psocus. 

Order Mallophaga , e.g. Ahnopon. 
Order Anoplura , e.g. Pediculus. 

Order ThysanopteYa, e.g. Heliothrips. 
Order Homoptera, e.g. Cicada , 

Tachardia. 

Order Heteroptera , e.g. Cimex , An as a, 
Triatoma. 
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The ONYCHOPHORES, TARDIGRADES 
and PENTASTOMIDS are now regarded by 
some textbook writers as classes having 
uncertain systematic position (Fox & Fox, 
1949). Hegner and Engemann (1968) pre- 
ferred to incorporate Onychophora as a 
separate subphylum and Tardigrada and 
Pentastomids as separate classes under the 
subphylum Chelicerata. Wilmoth (1967) 
has treated these three groups as Par arth- 
ropods. Similar view is also followed by 
Kaestner (1968), who has included each 
group within a separate phylum. Parker 
and Haswell (1972) have placed all the 
species under twelve genera of Peripatus 
under a separate subphylum Onycho- 
phora. They represent a group which 
diverged from the basic arthropodan 
stock. 

CLASSIFICATION WITH 
CHARACTERS 

SUBPHYLUM TRILOBITOMORPHA OR 

TRILOB1TA 

Extinct marine arthropods, having two 
distinct regions or tagmata, prosoma and 
opisthosoma. Body is more or less oval and 
divided into three lobes by two longitudi- 
nal furrows. Size varies from 10 mm to 60 
cm. A pair of many- jointed antennae re- 
present the preoral appendages. Appen- 
dages are uniform and unspecialised. Each 
leg has eight articles or segments. The 
subphylum includes 4000 species, which 
arc grouped under five classes. T he class 
which includes the largest number of 
species is known as the Triiohita. The well- 
known examples arc Agnostus, Trinucleus. 

SUBPHYLUM ARAGHNOMORPHA OR 

CHELICERATA 

Heterogenous group of arthropods, in 
all of which prcoral antennules or first 
antennae are absent. Body is divided into 
two parts — cephalo thorax and abdomen. Cep- 
halo thorax possesses live postoral seg- 
ments, each with a pair of appendages. 
First pair of appendages on the first post- 
oral segment is called chelicerae. It is joint- 
ed and bears a terminal chela. The chcli- 
cerac become preoral in position. Abdo- 
men consists of 12-13 segments and a 
telson (telson and many abdominal seg- 
ments are absent in certain forms). Second 
abdominal segment bears genital aperture 
which remains covered by a modified 
abdominal appendage called operculum . 


Compound eyes in most cases are degener- 
ated. Median ocelli are present. Develop- 
ment is usually direct. It includes two 
classes — Merostomata and Arachnida. 

Class Merostomata 

Aquatic forms with fairly developed 
compound eyes. Abdomen is subdivided 
into a 7-segmented mesosoma and 5 -seg- 
mented metasoma. Prominent caudal 
spine is present. Mesosoma bears 4-5 pairs 
of appendages. Respiratory organs are 
gills. Adults crawl on earth with the face 
downwards, but young can swim actively. 
It includes one living order Xiphosurida 

Order Xiphosurida 

These bottom dwellers are commonly 
known as horse-shoe crabs. Cephalo thorax 
is covered by a broad carapace. Caudal 
spine is elongated, slender and pointed. 
Dorsal ridge is visible in the abdomen. 
Excretion is carried by a four-lobed coxal 
gland. Development includes a larval 
stage, called trilobite larva, e.g. Limutks , 
Tachypleus. 

Class Arachnida 

Body is divided into two regions 
cephalothorax and abdomen. Eyes are 
usually simple. Compound-eyes when pre- 
sent arc degenerated. Two pairs of jointed 
appendages — chelicerae and pedipalpi , are 
present. Four pairs of thoracic legs arc pre- 
sent. Abdominal segments arc often re- 
duced and abdominal appendages do not 
take part in locomotion. Antennae arc 
absent. Ingests only liquid food. In the 
forms with aerial respiration, the respira- 
tory organs arc either book lungs or tracheae , 
and in certain forms the respiration may be 
cutaneous. Sexes are separate. Develop- 
ment is not accompanied by metamorpho- 
sis. Ten orders Scorpionida, Uropygi, 
Amblypygi, Palpigradi, Arancida, 
Ricinulci, Pscudoscorpionida, Solifugac, 
Opiliones and Acarida are 'placed under 
this class. I 

Order Scorpionida . This order includes 
scorpions. Abdomen is divisible into two 
parts — broad pre-abdomen (seven seg- 
ments) and narrow post-abdomen (five 
segments). Pre-abdomen is as wide as the 
cephalothorax. Post-abdomen bears a cau- 
dal spine formed by the modification of 
telson. It contains poison gland. Chelicerae 
are small 3-segmented but pedipalpi are 
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large and 6-segmerited. Second segment of 
the pre-abdomen bears two comb-shaped 
pectines. Four pairs of respiratory organs, 
called book lungs , arc associated with the 
third, fourth, fifth and sixth segments of 
the pre-abdomen. Viviparous, e.g. Palam - 
naeus , Buthus , Scorpio . 

Order Uropygi. These are commonly 
called whip scorpions. Size ranges from 
2-65 mm in length. Telson is present as a 
long whip- like flagellum at the posterior 
end. Nocturnal and carnivorous. Poison 
glands are absent but an acidic substance 
from the anus is sprayed. Female is provid- 
ed with a brood sac to carry eggs. Upper 
lip of the rostrum and the bases of the 
pedipalps form a peculiar ball and socket- 
joint around the mouth to act as a filtering 
apparatus. Pcdipalp is short and stout. 
Second leg is antenna-like and elongated. 
Abdomen bears 12-segments. Book lungs 
are placed on the second and third abdomi- 
nal segments, e.g. Mastigoproctus, Trithyreus. 

Order indhprgi. Commonly known as 
tailless whip scorpions. Size varies from 
4-45 mm in length. Body is flattened dorso- 
vcntrally. Telson is almost absent. Abdo- 
men consists of 1 1 segments. Gheliccrac arc 

2 - jointed and hook-like. Pedipalps consist 
of seven segments and are stout and rapto- 
rial. A prominent movable claw is present 
at the distal end of each pcdipalp. Book 
lungs open on the ventral side of second 
and third abdominal segments. Females 
carry brood-sacs during breeding season. 
The common example is Tarantula. 

Order Palpigradi. Commonly called 
micro whipscorpions. Size ranges from 
0*5 -3 mm in length. In the ccp halo thorax 
last two segments arc not united. Abdomen 
has eleven segments. Telson looks like 
inany-jointed flagellum. Ghelicerae arc 

3- seginented and chelated, Pedipalpi are 
leg-like. Both simple and compound eyes 
arc absent. Second pair of legs act as 
antennae. Respiration is cutaneous. In 
addition, paired cvcrsible sacs in the 
abdominal segments also act as respirator 
organs, e.g. Eukoencnia . 

Order Araneida. Contains large number 
of diverse forms which arc called spiders. 
Cephalothorax is unsegmented. Abdomen 
in general is also unsegmented, soft and 
round. Four pairs of eyes are present. 
Ghelicerae are complex and poison glands 
open through them. Pedipalpi arc simple 
and six-jointed. Possesses sucking stomach 


and diverticula. Book lungs are associated 
with trachea for respiration. Spinning 
glands usually present and appendages of 
fourth and fifth abdominal segments form 
spinnerets. The well-known examples are 
Argiope , Latrodectus. 

Order Ricinulei. Commonly called Rici- 
nuleids. Sizes usually less than 10 mm 
in length. Body is short and compact. 
Cephalothorax is drawn anteriorly into e 
a movable projection, called cucullus. 
Eyes are absent. Abdomen superficially 
looks like four segmented but truly it con- 
sists of nine segments. Both the chelicerac 
and pedipalpi arc chelated. Tracheae are 
the respiratory organs. 'The well-known 
examples are Cryptocellus , Ricinoides . 

Order Pseudo sco rp ion ida. These are com- 
monly called pscudoscorpions. Size is 
never more than 8 mm in length. Body is 
oval and flattened dorso-ventrally. Abdo- 
men is broad and coasists of eleven 
segments. Abdomen is not separated into 
pre- and post- abdomen and docs not bear 
the caudal sting. Simple eyes arc absent. 
Ghelicerae are small and contain silk 
glands. Pedipalpi are scorpion-like and 
contain poison glands. Respiratory organs 
are tracheae. Malpighian tubules are 
absent. Oviparous. The well-known 
examples are Chelifer, jKeobisium. 

Order- Solifugae. Commonly known as 
wind scorpions. Size varies from 1-7 cm 
in length. These are swift runners. Body is 
divided into three regions — head, thorax 
and abdomen. Abdomen is oval and con- 
tains ten segments. Ghelicerae are large 
and prominent. Pedipalpi arc elongated 
and resemble the legs. Poison glands are 
absent. Respiratory organs are well-deve- 
loped tracheae. All are nocturnal, 
ferocious and predators. The well-known 
examples a»*c Galeodcs , Eremobates. 

Order Opiliones. Commonly called har- 
vestmen. Size varies from 1 — 22 nun in 
length. Cephalothorax is unsegmented. 
Abdomen consists of ten segments and is 
not distinctly separated from the cephalo- 
thorax. Telson is absent. Compound eyes 
are lacking. Pedipalpi are leg-like. Walking 
legs are usually very long anj. slender. 
Respiration takes place through tracheae. 
No poison or spinning glands are present. 
Males possess copula tory organ and 
females are provided with ovipositor. The 
well-known examples arc Caddo , Phalan - 
gium 9 Trogulus , Mitobates. 
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Order Acarida. Commonly known as 
ticks and mites. Number of forms are mic- 
roscopic in sizes. Body is without any ex- 
ternal division. Mouth parts are variously 
modified in different forms — biting, pierc- 
ing or sucking. Chelicerae are usually 
composed of 2 to 3 segments but may have 
up to 6 segments. The chelicerae may be 
pincer-like, fang-like or lance-like. Pedi- 
palpi also may be variously modified. Legs 
are provided with claw’s. Respiratory 
organs are tracheae and in many 
respiration is cutaneous. Most of them are 
parasites on man and other animals. Some 
are notorious pests of agricultural products. 
The well-known examples are Tetranyckus , 
Argos, Demodex and Sar copies. 

Class Pycnogonida 

These partially sedentaric marine 
animals are commonly called sea spiders. 
Youngs are parasitic on different soft- 
bodied invertebrates. Reproductive open- 
ings are present on the leg segments and 
not abdominal. Chelicerae are short and 
pedipalpi are segmented. Third pair of 
appendages in the male carries the eggs 
and is called the ovigers. A distinct proboscis 
is present at the anterior end. Abdomen is 
much reduced and contains 2-3 segments. 
The well-known living representative is 
Nymphon. 

SUB PHY Lt ’M MANDI B ULATA 

Body is distinctly divisible into two parts 
— -head and trunk . The trunk in many, may 
be subdivided into thorax and abdomen. 
Three preoral segments are fused and bear 
various structures like antennae, com- 
pound eyes and simple eyes. Respiration is 
carried by gills, tracheae or skin. It includes 
six classes — Crustacea, Chilopoda, Sym- 
phyla, Pauropoda, Diplopoda and Insecta. 

Class Crustacea 

Body is divisible into three distinct re- 
gions — head , thorax and abdomen . Six head 
segments arc fused and in many instances 
the thoracic segments are united with the 
head to form cephalothorax. Head bears a 
pair of compound eyes on movable jointed 
stalk. A median eye, which is the charac- 
teristic of the larval form, may persist in the 
adults of some crustaceans. Cephalic ap- 
pendages are five pairs and the first two 
pairs are antennae; thoracic and abdominal 


appendages are usually 8 pairs and 6 pairs 
respectively and may undergo various mo- 
difications. Each segment is covered by an 
immovable exoskeleton — sclerite, which is 
separated from the other by flexible chitin. 
Fusion of sclerites often occur. Respiration 
is generally performed by gills. In addition, 
several accessory respiratory structures may 
be present. Vascular system consists of dis- 
tinct heart, arteries and haemocoelomic 
spaces. The excretory' organs are the modi- 
fications of coelomoducts. Brain is formed 
by the fusion of first four embryonic ganglia 
and is connected with ventral nerve cord by 
oesophageal connectives. Sexes are sepa- 
rate. Distinct sexual dimorphism is present. 
Sperms are generally amoeboid. Eggs are 
usually centrolecithal , i.e. yolk present in the 
central part of the egg, or they may be 
telolecithal (yolk occupies one-half of the 
egg) or aleciihal (without yolk). Embryo 
mostly passes through a nauplius stage- which 
is invariably free-swimming. The class 
Crustacea has following subclasses: 
Gephalocarida, Branchiopoda, Ostracoda, 
Mystacocarida, Copcpoda, Branchiura, 
Girripedia and Malacostraca. 

Subclass Gcp haloca rida 

This new’ subclass was established after 
the discovery of the genus Hutc hinsoniella 
in the year 1955. The subclass includes 
an order of the same name and contains 
two genera and three species. All the 
appendages after second maxillae are 
of identical appearance. These limbs are 
tripartite. Exopodites of these appendages 
arc four-jointed and leaf-like and bear 
lateral pseudoepipodite. Endopodites are 
segmented, cylindrical and ambulatory in 
function. The movements of the limbs pro- 
duce water current for locomotion and also 
for collecting food. Eyes are absent. In 
addition to Hutchins oniella y another genus 
Lightiella is also included within it. 

Subclass Branchiopoda 

Appendages are uniform and leaf-like. 
Presence of one pair unjotrited or jointed 
caudal styles. Carapace is either absent or 
shield-like or bivalve. First antennae and 
maxillae are small and in some cases 
absent. The mandibular palp is either 
rudimentary or absent. It has three living 
orders — Anostraca, Notostraca and Dip- 
lostraca. 
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Order Anostraca. It includes forms like 
fairy shrimps and brine shrimps. Carapace 
is absent. Possesses stalked eyes. Antennae 
are very small and triangular in females 
and in males they are stout copulatory 
structures. Trunk is elongated and first 1 1 
segments bear alike legs. Caudal styles are 
unjointed. The examples are Branchipus , 
Artemia. 

Order Notostraca . Commonly called 
Tadpole shrimp. Carapace is large and 
sliield-shaped. Possesses 35-71 pairs of 
legs. Eyes are sessile and placed close 
together. Caudal styles are filamentous 
and inany-jointed. Males are rare and 
parthenogenesis is frequent. The well- 
known examples arc Triops , Lepidurus. 

Order Diplostraca . It includes forms like 
clam-shrimps ( Estheria ) and water iteas 
(Daphnia, Leptodora). Laterally compressed 
bivalved carapace usually does not cover 
the head and generally fused. Biramous 
and large antennae are used during swim- 
ming. Caudal styles are not jointed and 
terminated in claw. 

Subclass Ostracoda 

The members belonging to this group 
are commonly called seed-shrimps. Body 
is either without any segment or poorly 
segmented. Trunk appendages are never 
more than four pairs. The mandible pos- 
sesses a palp. Both the pairs of antennae are 
modified lor swimming. Respiration is 
usually cutaneous. Eyes may or may not 
be present. Males are rare and in them the 
second antennae serve as clasping organs. 
Following orders — Mydocopa , Cladocopa , 
Platycopa and Podocopa are included in 
this subclass. 

Order Mydocopa. The carapace bears an 
aperture through which the antennae pro- 
trude. Antenna is operated by powerful 
muscles. Limbs are four pairs. Heart 
possesses paired ostia. Compound eyes are 
sessile. The well-known examples are 
PhUomedes , C yprid ina. 

Order Cladocopa. The aperture for the 
protrusion of antennae is absent. Limbs are 
two pairs. Each second antenna bears two 
branches or rami. The example is Polycope. 

Order Platycopa. Antennal aperture is 
absent. The rami of second antennae arc 
broad. Limbs are three pairs. The example 
is Cytherella. 

Order Podocopa . Antennal aperture on 
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the carapace is absent. Endopodite of the 
second antenna is well developed than 
exopodite and carries a claw. Mandibular 
palp is composed of four articles. Four 
pairs of limbs are posteriorly placed. The 
examples are Cypris, Darwinula. 

Sub c I ass Mystacocarida 

This subclass was created after the dis- 
covery of several crustaceans in the year 
1943. All of them are included under the 
genus Derocheilocaris. The length is always 
within 1 mm. Body is elongated with dis- 
tinct cephalic appendages. Trunk consists 
of 15 segments. The nauplius eye persists 
and the compound eyes are absent. Two 
caudal styles work as pincers. 

Sub c l a ss C o p e p oda 

The body has well-marked segments. 
Among the five pairs of limbs, the last four 
pairs are biramous and modified for swim- 
ming. Abdominal appendages are absent. 
Presence of a pair of caudal styles. Paired 
compound eyes arc usually not present but 
single median nauplius eye is distinct. 
Well- developed antennae may or may 
not be used for swimming. Seventh seg- 
ment of the body carries the reproductive 
apertures. Seven ordcis — Calanoida, Her- 
pacticoida, Gvclopoida, Notodelphyoida, 
Monstrilloida, Caligoida and Lcrnaeo- 
podoida, belong to this group. 

Order Caiauoida. Free-living and size is 
fairly large. Posterior part of the trunk is 
distinctly separated from the anterior part 
and between genital and pregenital seg- 
ments. First antennae of female have 23-25 
segments. The second antenna is biramous. 
The female possesses a single median egg- 
sac. The well-known examples are C alarms , 
DiapUmus. 

Order Harpacticoida. Free-living. Trunk 
is not constricted in the middle. First 
antenna in the female is short and consists of 
5 9 segments. The second antenna is bira- 
mous. The common example is Altheyella. 

Order Cyclopoida. Free-livirig. Posterior 
part of the trunk is separated from the 
anterior part and it includes pfegcnital 
segments. First antenna qf female has more 
than 1 7 articles. The second antenna is 
uniramous. The female carries a pair of 
egg-sacs. Some members are parasitic. 
The well-known examples are Cyclops , 
Ergasilus , Eucy clops. 
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Order jVotodclpkvoida . Only in males the 
posterior half of the trunk bears pregenital 
segments. Both sexes live as commensal 
within a tunicate, Ascidia. The well-known 
example is JSfotodelphys . 

Order Monstrilloida . Free-swimming and 
completely marine. Adults are without 
mouth parts, antennae and alimentary 
canal. Larva starts as a free-swimming 
nauplius and parasitises a mollusc or anne- 
lid. It draws nourishment by its antennae 
from the host. Adult, when full-grown, be- 
comes again free-swimming and perform 
only reproduction. The example is Mans - 
trilla . 

Order Caligoida. Lives as ectoparasite on 
fishes. Posterior part of trunk carries two 
pregenital segments. The antennae are 
modified to act as adhesive organs. The ex- 
amples arc Ci aligns, Eudactylina . 

Order Lernaeopodoida. Adults remain as 
ectoparasites up to the attainment of sexual 
maturity. The sexually matured forms be- 
come free- swimming. After copulation, fe- 
male again becomes parasitic on fishes. 
It changes into a worm-like form and 
carries the eggs in a brood chamber. 
Larvae start as free-swimming nauplius 
but soon infect a new host. The well- 
known examples are Lrrnaea , Lcrnaeocen 7. 

Subclass Branchiura 

It includes dorso-ventrally flattened 
parasitic forms with , suctorial mouth. 
Broad carapace covers the cephalothorax. 
Abdomen is small, unsegmented and bi- 
lobed. Sessile compound eyes are present. 
Flagella are present in the appendages of 
some body segments. The fifth body seg- 
ment bears the genital apertures. Females 
possess single ovary but the males have two 
testes. It includes a single order, having 
the same name and the well-known 
example is Argulus. 

Subclass Girripedia 

All arc marine. Adults are sederitaric. 
Body is poorly segmented. Six pairs of 
biramous filamentous appendages are pre- 
sent. Abdomen is almost absent and in- 
stead of jany appendage, carries only a pair 
of caudal styles. Carapace folds to form a 
pair of mantle which covers the entire 
body and bears calcareous plates on it. 
Adults are without eyes and antennae. 
Usually hermaphrodite. Young passes 
through nauplius and cypris stage. This 


subclass has five orders— -Thoracica, Acro- 
thoracica, Apoda, Rluzocephala and 
Ascothoracica. 

Order Thoracica. Adults are permanent- 
ly fixed by its preoral region on substrates 
at intertidal level. Presence of six pairs of 
appendages in the trunk called cirri. Abdo- 
men is devoid of segments. Some forms 
have a stalk, others arc sessile. The best 
examples are Lepas (Goose barnacles), 
Bulan us (Acorn barnacles) . 

Order Acrothoracica . Sessile forms and are 
fixed on the shell of molluscs. Mantle de- 
void of calcareous plates. Presence of only 
four pairs of appendages in the trunk. 
Male lives as parasite within female. The 
example is Alcippc. 

Order Apoda. Completely parasitic forms 
having small distinctly segmented body. 
Trunk appendages are absent, 'flic only 
example is Protcolcpas . 

Order Rhi zoccphala . Completely para- 
sitic. Mantle remains, but the calcareous 
shells are absent. Body is absolutely dege- 
nerated in adults due to the loss of ali- 
mentary canal and appendages. The well- 
known examples are Sacculirui , Peltogaster . 

Order Ascothoracica. These are endo- 
parasites on Anthozon and Iichinodcrmata. 
Mantle is bilobed or sac-like but plates are 
absent. Oral appendages are modified for 
piercing and sucking. Presence of six pairs 
of appendages in the trunk. The common 
examples are Synagoga, Laura, Dendrogashr . 

Subclass Malacos traca 

Body consists of twenty to twenty-one 
segments. Thoracic and abdominal appen- 
dages are distinct from one another. Cara- 
pace covers head and at least some thoracic 
segments. Mandible is with a palp. Pre- 
sence of compound eyes on stalk. Antennu- 
le is with two many- jointed flagella. The 
subclass includes five super orders 
Phyllocarida, Hoplocarida, Syncarida, 
Peracarida and Eucarida.- 

Super Order Phyllocarida 

Possesses a movable roitrum at the an- 
terior end of cephalothorax. Carapace is 
large, bivalved and encloses both the 
cephalothoracic and abdominal segments. 
Thoracic legs are. all alike and foliaceous. 
Abdomen has seven segments. First four 
abdominal segments with w r ell- developed 
appendages. Telson has a movable caudal 
fiaca. It has only one order Nebaliacea. 
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Order Ne baliacea. Presence of seven 
abdominal segments. Telson with a pair of 
caudal styles. A prominent carapace 
covers almost the entire length of the 
body. Thoracic appendages are leaf-like 
and serve as respiratory surface. Abdo- 
minal appendages are biramous. The 
common example is Neb alia. 

Super Order Hoplocarida 

All are marine. Carapace is flat, shield- 
shaped and covers up to second thoracic: 
segment. Two movable segments lie an- 
terior to the carapace. The anterior one 
bears the stalked eyes and the posterior 
one carries the antennules. Each anten- 
nulc has three rami. Antenna is smaller 
than antennule. Second pair of thoracic 
appendage are raptorial and bear a 
blade-like edge at its distal end. Abdominal 
appendages are biramous. Only one order 
Stomatopoda is included under this Super 
order. 

Order Sion uiopoda. Last four thoracic 
segments are free from the carapace. Two 
movable segments arc present in front of 
the head. Gills arc carried by the abdo- 
minal appendages. Gastric glands extend 
up to the telson. Heart extends up to abdo- 
men and has thirteen pairs of ostia. The 
well-known examples are Squill a, Pseudos - 
quit la and Coronida. 

Super Order Syncarida 

Carapace is absent. First thoracic seg- 
ment is fused with head. Elongated and 
tube-like heart. Only the first pair of tho- 
racic appendages are modified as maxilli- 
peds, rest are alike. Gills are present on the 
thoracic appendages excepting the last 
one. Last pair of abdominal appendages, 
called uropods, arc fan-shaped. It includes 
a single order Anaspidacea having genera 
like Anaspide s , Paranaspides and Bathynella. 

Super Order Peracarida 

Carapace may or may not be present. 
When present, carapace never covers last 
four thoracic segments. Coxopodites of 
thoracic appendages bear a brood pouch 
in females. Presence of a tube-like, elon- 
gated heart. Five orders like Mysidacea, 
Cumacea, Tanaidacea, *Isopoda and Am- 
phipoda are included within the Super 
order. 

Order Mysidacea . First antennae are bi- 
ramous. Second antenna is with scale- like 


squama. Possesses filter feeding mecha- 
nism. First pair of thoracic appendages 
are modified as maxillipeds. Carapace is 
the chief respiratory surface. Broad tail 
fin is formed by Hat uropods and telson. 
Heart is elongated but extends up to 
thorax and has two pairs of ostia. The 
common examples are A'lysis, Hemimysis . 

Order Cumacea. Gcphalo thorax is pos- * 
teriorly narrow. Carapace is drawn out 
anteriorly to form rostrum and ventrally 
to form gill chamber. Sessile eyes are us- 
ually fused to form a single eye. Antennae 
are usually unisegmented. Second anten- 
nae are without exopodites and well deve- 
loped in males than in females. Abdomen is 
slender and segmented. Abdominal appen- 
dages arc absent in the female. Uropods are 
rod-shaped and thus fan-shaped tail fin is 
absent. 'The well-known examples arc 
Cumopsis , Diaslylis and Pseudocuma . 

Order Tanaidacea . Carapace covers first 
two thoracic segments. Eyes, when present, 
are mounted on immovable stalks. Second 
thoracic appendages arc large and chelat- 
ed. A small squama may be present with 
the second antenna. Uropods are slender. 
The examples arc Tan a is, Aps aides and 
Neotanais. 

Order Isopoda. It includes aquatic, 
terrestrial and parasitic forms. Carapace 
is absent, only first thoracic segment is 
fused into head. Eyes are either without 
stalk or they are carried on small immov- 
able processes. Body is dorso-ventrally 
flattened. Antennule is small and rudi- 
mentary. First pair of thoracic appen- 
dages are modified as maxillipeds, while 
the others are alike. The well-known exam- 
ples are Liriopsis , Oniscus (an example 
of Crustacea which is terrestrial) . 

Order Amphipoda. Body is flattened la- 
terally. Carapace is absent. Antennules 
are well developed and biramous. Second 
and third pairs of thoracic appendages are 
prehensile structures called gnathopods. 
Some thoracic appendages bear gills at 
their bases. Abdominal appendages are 
of two distinct morphological forms. The 
examples are Gammarus , CapreUa. . 

* 

Super Order Eucarida 

Carapace covers head and all the thora- 
cic segments. Mandible is without sharp 
blade. Eyes are carried on movable, joint- 
ed stalks. Small bag-like heart Is placed on 
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the dorsal side of the thorax. Eucarida has 
two orders — Euphausiacea and Decapoda. 

Order Euphausiacea . Thoracic appen- 
dages do not form maxillipeds and are all 
alike. Single gill is present at the base of 
each thoracic appendage. Pleopods are 
flattened. In the males first two pairs are 
modified for copulation. Elongated telson 
bears a movable large spine. Uropods are 
elongated. The examples are Euphausia , 
Thysanopoda and Nematoscelis. 

Order Decapoda. Three maxillipeds are 
formed by the modification of first three 
thoracic appendages. Three sets of gills 
are present which differ in their arrange- 
ments. The well-known examples are 
Palaemoriy Homarus , Palinurus , Scyllarus, 
Cancer y Birgus , Hippa and Eupagurus. 

Class Ghilopoda 

Number of legs vary from fifteen to more 
than hundred pairs, but no form possesses 
even number of pairs. Nocturnal and stay 
in humid areas. Primarily carnivorous. 
Body is usually dorso-ventrally flattened. 
First pair of trunk appendages are modified 
as maxillipeds and work as poison claws. 
Each leg has seven articles. Segment in 
front of telson is called genital segment. 
Usually a pair of gonopods are present. 
Respiration is carried by means of trachea. 
Four well-known orders — Scutigeromor- 
pha, Lithobiomorpha , Scolopcndr 6mor- 
pha and Geophilomorpha are placed 
within this class. 

Order Scutigeromorpha. Legs are 1 5 pairs 
and very long. Compound eyes are pre- 
sent. Antennae are very long and originate 
from the posterior region of the anterior 
border of head. Dorsal side of the head is 
arch-shaped. Almost all the trunk segments 
bear a median spiracle, on their dorsal 
side. The common example is Scutigera. 

Order Lithobiomorpha. Legs are 15 pairs 
but very short. Antennae arise from the 
anterior border of the head. Head and 
trunk both are flattened on the dorsal side. 
Spiracles are laterally placed. The exam- 
ple is Lithobius . 

Ordeu Scolopendromorpha . Strongly built 
body carries 21-23 pairs of legs, only an- 
terior part of the trunk bears lateral spira- 
cles. On the dorsal side of the trunk long 
plates alternate with shorter ones. The 
example is Scolopendra. 

Order Geophilomorpha , Number of legs 


varies from 35-181 . Body is narrow, worm- 
like and the legs are small. Eyes are absent. 
Spiracles are placed laterally. The example 
is Geophilus. 

Class Symphyla 

It includes herbivorous or omnivorous 
forms. Mouth parts are directed forward. 
Number of segments are usually 14. The 
adult possess 12 pairs of legs and a pair of 
dorsal cerci on the thirteenth segment. 
Telson is absent. Second maxillae are 
united to constitute the labium. Spiracles 
are present only in the head and trachea 
extends posteriorly only up to first three 
anterior trunk segments. The organisms 
moult throughout life. It includes only one 
order Symphyla having genera like Scolo- 
pendrella, Scutigerella. 

Class Pauropoda 

Length rarely exceeds 1 nun. Sapro- 
phytic in habit. Head has five segments. 
First maxilla unites to form gnathochi- 
lariurn. Antennae arc branched. Trunk 
contains twelve segments. Legs are pre- 
sent in segments second to tenth. The class 
includes one order pauropoda and its 
example is P am opus. 

Class Diplopoda 

Elongated and segmented forms, having 
two pairs of legs, two pairs of spiracles, 
two pairs of ganglia and two pairs of ostia 
in each segment. Usually vegetarian. 
Antennae arc 7-segmented. Maxillae are 
united to form gnathochilarium. T racheae 
are mostly unbranched tubes. Gonads 
are unpaired but reproductive ducts are 
paired. T he class is divisible into two sub- 
classes — Pselaphognatha and Ghilognatha. 

Subclass Pselaphognatha 

The size of the body is very small. Body 
is soft due to the absence of hard exoskcle- 
ton. Gonopods are absent in males. Head 
contains trichcbothria. Integument is often 
armed with lateral setae, hairs or bristles. 
It includes a single order Pselaphognathae 
and the example is Polyxmus. 

Subclass Ghilognatha 

The integument is provided with hard 
cxoskeleton. Head has no trichobothria. 
Setae are not clustered. Gonopods are pre- 
sent. Presence of gnathochilarium. The sub- 
class includes seven orders — Platydesmida, 
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Polyzoniida, Polydesmida, Chordeumida. 
Julida, Spirobolida and Spiros treptida. 

Order Platydesmida. All parts of the 
gnathochilariurn are present. A promi- 
nent groove is present in the middle line 
of the dorsal surface. The example is Plaly- 
desmus. 

Order Polyzoniida . Only a triangular 
plate is present in the gnathochilariurn, 
other parts are obscure. No median groove 
is present on the dorsal side. The example 
is Polyzonium. 

Other Polydesmida . The segments vary 
from 18-22. Lines of fusion between the 
exoskeletal plates are indistinct. The dorsal 
plate, tergum, projects laterally as parnota. 
Eyes are absent. Only the first pair of legs 
in the seventh segment are modified as 
gonopods. The example is Polydesmus . 

Order Chordeumida . Number of segments 
are always more than thirty. Ventral plates 
are separated by sutures. Eyes are distinct. 
Both the pairs of legs in the seventh segment 
act as gonopods. Last segment bears 1-3 
pairs of spinnerets. The example is Chor- 
deuma. 

Order Julida. Spinnerets are not present 
on the last abdominal segment. Both pairs 
of legs of the seventh segment are modified 
as gonopods; in some cases one pair may be 
absent. The example is Julus. 

Order Spirobolida. Gnathochilariurn is 
free from menturn. Only one pair of legs 
are present in the fifth segment. The ex- 
ample is Spirobolus. 

Order Spiros treptida. Possesses two pairs 
of legs in the fifth segment. Second or pos- 
terior gonopods are almost absent. A small 
tail is usually present. The example is 
Thyropygus . 

These arthropods belonging to Chilo- 
poda, Symphyla, Pauropoda and Diplo- 
poda were formerly included under the 
class Myriapoda. The word ‘Myriapoda’ 
is still used to refer these animals, but is 
now out of taxonomic usage. 

Glass Insecta or Hexapoda 

Size varies from 250 micra to 25 cm in 
length. Body consists of three distinct tag- 
mata — head, thorax and abdomen. The 
head is formed by the /usion of six seg- 
ments and its appendages are — a single 
pair of antennae , a pair of mandibles and two 
pairs of maxillae. Mouth parts vary accord- 
ing to food habit. In adults, the thorax 


includes three segments — Prothorax y Meso - 
thorax and Metathorax. Each of these seg- 
ments bears one pair of legs on the ventral 
side. Each leg usually consists of six seg- 
ments. One or two pairs of wings are pre- 
sent on the dorsal side of the thorax. Pair- 
ed appendages are absent in the adult 
abdomen. Respiratory organs are in the 
form of tracheae which are extensively 
developed. Salivary glands are the impor- 
tant digestive glands. The chief excretory 
organs arc Malpighian tubules which re- 
main closely associated with alimentary 
canal. Development usually passes through 
complicated metamorphosis but in some 
cases it may be direct. It has two subclass- 
es — Aptervgota and Pterygota. 

Subclass Apterygota 

The wings are absent. Presence of ter- 
minal cerci. Development is direct. Two 
super orders — Entognatha and Ectognatha 
belong to this subclass. 

Super Order Entognatha 

Labium being united with the cranium 
on the lateral side, completely covers the 
mandibles and maxillae. Three orders — 
Protura, Collembola and Diplura are pre- 
sent within this super order. 

Order Protura. Abdomen has twelve seg- 
ments in the adult. Rudimentary appen- 
dages are present on the first three abdo- 
minal segments. Compound eyes and 
antennae arc not present. The examples 
are Acerentowon and Iiosenlomon. 

Order Collembola. The members are 
commonly called the springtails. Abdomen 
never possesses more than six segments. 
Eyes, Malpighian tubules and usually the 
tracheae are absent. Last segment carries 
appendages for jumping. The examples are 
Podura , O relieve Ha, Bourletiella , Isotoma and 
Neatiura. 

Order Diplura. Abdomen consists of 
eleven segments. Terminal segment of the 
abdomen bears cerci or forceps. Malpi- 
ghian tubules are usually absent. The 
examples are Campodea y Heterojapyx. 

Super Order Ectognatha 

Mandibles and maxillae are not covered 
by the lateral fusion" of labium and 
cranium. 

Order Thysanura. Abdomen consists of 
eleven segments. Rudimentary appendages 
may occur in some abdominal segments. 
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The last segment or anal segment has two 
or three many- jointed anal cerci. Malpi- 
ghian tubules and compound eyes are 
usually present. The examples are Lepisma 
(silver fish), Machilis . 

Subclass Pterygota 

Adults possess wings which may be 
secondarily lost. Excepting cerci, other 
appendages are absent in the abdomen. 
Malpighian tubules are present. Meta- 
morphosis may be complete or incom- 
plete. This large subclass is subdivided 
into four sections — Paleoptera, Polyneop- 
tera, Oligoneoptera and Paraneoptera. 

Section Paleoptera 

At the time of rest, the wings cannot be 
placed parallel to the abdomen. Surface 
of the wing is thickened only in correla- 
tion with veins. Wings originate as external 
buds. Malpighian tubules are man)'. Two 
living orders — Ephemcroptera and O do- 
na ta are included under this section. 

Order EphcmeropUra. The members ol 
this order are called the mayflies. Adults 
are aerial but larvae are aquatic. Mouth 
parts are degenerated in adults. Wings arc 
not of same size, the hind wings arc dege- 
nerated. Wings appear in the last 
immature stage and is followed by eedysis. 
This is the only winged insect: where 
eedysis occurs after the appearance of 
wings. Terminal part of the abdomen 
bears two elongated cerci and a median 
filament. The examples are Ephemera , 
Hexagenia . 

Order Oclonala. Dragon Hies and Damsel 
flies. All the insects are of large size. Two 
pairs of almost equal wings. At rest the 
wings are either held unfolded or extended 
laterally. Rudimentary antennae are pre- 
sent. Mouth parts are adapted for biting. 
’The eyes are very big and conspicuous. 
Larvae are fully aquatic. 'The well-known 
examples are Anax, Aeschna , Is dinar a and 
Lestes. 

Section POLYNKOPTERA 

Wings are provided with rich supplies 
of veins.* At the time of rest, the wings are 
always kept folded over the abdomen,, 
Numerous Malpighian tubules arc pre- 
sent. This section includes nine orders 
which are given below: 

Order Diclyoptera. Cockroaches and 


Preying mantids arc the representatives 
of this order. These insects usually run. 
Mouth parts, are of primitive condition 
and used for biting. Cerci are jointed. 
Tarsi composed of five segments. Eggs 
remain within a capsule called ootheca . 
The examples are Periplaneta , Mantis . 

Order Isoptera . The order is exemplified 
by the while ants or termites. They 
exhibit polymorphism. Females have 
much enlarged abdomen. In winged forms, 
the wings are of same sizes and can be 
separated at will. Each wing has a longi- 
tudinal venation and chitinised network 
in between. Mouth parts are adapted for 
biting. Tlie example is Termes. 

Order fyrapkra. Size is extremely small. 
They exhibit polymorphism. Males are 
usually without wings. Tarsi have two 
joints. The example is % orotypus . 

Order PUcoptera. The order includes the 
stone flies. Antenna is long. Cerci are dis- 
tinct. Larva is aquatic, in course of deve- 
lopment a terrestrial stage appears which 
contains, only wing buds. Winged forms 
develop from this stage and become aerial. 
The examples are Per la, I so per la. 

Order NotopUra. Wings are absent. 
Larva resembles the adult in all structural 
details. The example is GryllablaUa. 

Order Cheleutoptera. Some are wingless, 
whereas others may have wings. All the 
members exhibit structural features to 
mimic either leaves or branches of the tree. 
Winged forms exhibit gradual appearance 
of various structures from larva to the 
adult. But in wingless forms the larva resem- 
bles the adult in all structural details. The 
eggs resemble the structures of seeds. The 
examples are Garausius (stick-insect), Phyl- 
lium (leaf-insect) . 

Order Orthopttra . Grasshoppers, locusts 
and different crickets are tl\e representa- 
tives of this order. Structure of head 
resembles that of cockroach. Legs of the 
mctathoracic segment are adapted for 
jumping. A well- developed ovipositor is 
present. Mouth parts aref of biting type. 
The examples are Hieroglyphus , Tryxalis , 
Locusta , Schistocerca , Grylmalpa (mole cri- 
cket). 

Order Embioptera . The members of this 
order are the wclS-spinners. Size is small. 
Tarsi are three-jointed. Possess silk glands 
to form silken tunnels for living. 'The 
example is Embia. 
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Order Dermaptera . Ear- wings are the 
members of this order. Anterior wings arc 
short. Posterior wings are papery and have 
radially arranged veins on its surface. Pos- 
terior wings may be folded both transver- 
sely and longitudinally. Mouth parts are 
adapted for biting. Anal cerci art* like 
forceps. The example is Forjkula. 

Section Oligoneoptera 

Metamorphosis is complete. Jugal area 
of the wing contains only one vein. Limit- 
ed number of Malpighian tubules are pre- 
sent. Wings always develop from inner 
wing buds. Mouth parts are adapted either 
for biting or for sucking, it includes 
following eleven orders: 

Order Col cop ter a. The members of this 
order include the beetles. ProlUovux is 
freely movable. Posterior pair of wing is 
membranous. Anterior pair of wing is stiff 
and covers the folded posterior wing during 
rest. Well-dev eloped jaws are built up for 
biting and diewing. Metamorphosis is 
complete. Larvae* may bo maggot-like or 
caterpillar-like. No special covering is pre- 
sent around pupa, flic examples are Pho- 
tittup Cal milr a, Adalia ami Dint-ufu*. 

Order Afegaloptaa. Mouth pans are 
adapted for biting. At: the margin of the 
wing, the longitudinal veins exhibit sign of 
bifurcation. Metamorphosis is complete 
and the larvae arc aquatic. The examples 
are Stalls (Alder- (lies), Cory da! is (Dobson- 
f lies) . 

Order RaphidiopU m . The .snake-flics are 
the members of this order. Pro thorax is 
long. Head is narrow. Metamorphosis is 
complete. Larvae and pupae are all terres- 
trial. The example is Raphidia. 

Order Planipemtia. Mouth parts adapted 
for biting in the adult but sucking in the 
larva. In the late larval stage, Malpighian 
tubules are modified to secrete silk which is 
used in the formation of a cocoon, 'flu: 
examples are Manlispa, Alyrmdcan -.Ant- 
lion) . 

Order Aiecoptera. The members of the 
order arc the Scorpion- (lies. Abdomen in 
male is curved upwards. Head bears a 
beak-like prolongation and month parts 
are present at the tip of this beak. Wings 
are membranous and all alike. The exam- 
ple is Panorpa. 


Order Trichop ter a. Caddis- flies are the 
common representatives of the order. 
Wings are hairy, membranous and are of 
dissimilar sizes. At rest the wings remain 
as a roof-like peak. Mandibles are gene- 
rally absent. Mouth parts are specialised 
for licking. Larvae are aquatic and 
produce silken case within which they 
reside. The examples are Rhyacophilia. 
Mayalrichia. 

Order Lepidoptaa. All the butterflies 
and mollis belong to this order. 
Broad and well-developed wings are 
enclosed by scales which are modified 
hairs. Wings are generally oriented with 
varied specks of colours. Maxillae in adults 
are modified into a spirally-coiled sucking 
tube. Remaining month parts excepting 
the labial palps arc lacking. First two divi- 
sions of the thorax are fused. Metamor- 
phosis is complete. Larvae possess three 
thoracic feet and in some cases several 
abdominal legs may be present. Mouth 
paris of larvae are modified for biting. 
Pupa is always covered with a case. The 
examples are Pirris* Sarnia, Vaasa* Tcino - 
palpus . Pupil to. Parh/es and liombyx. 

Order DipUra. Flies and mosquitoes be- 
long to this order. Metatlioracic wings are 
modified as the halt' us . which act as balan- 
cers. Mesothoracic wings are wi ll-developed 
but with sparse venation. Mouth parts 
may be adapted for piercing and sucking 
or only sucking. Metamorphosis is com- 
plete. ['he examples are Anopheles } Cnlex 
Mu sc a, etc. 

Order Siphonapttra. External parasites 
on warm-blooded animals. Wings are 
absent in adults. Coxae of the legs are 
exceedingly large. The examples are the 
tleas represented by the genera. Pule*. 
Gtmoccph a l us . etc . . 

Order Jly?m nophra. Wings are membra- 
nous. Two pairs of wings remain inter- 
locked by hooks mi the anterior border of 
hind wing. The appendages around 
mouth are arranged for biting, licking and 
sucking. All the thoracic segments are 
muted and the first abdominal segment 
is fused with it. Polymorphism occurs 
in certain forms. Metamorphosis is com- 
plete. Development is complicated and 
larvae are helpless. Pupa is covered by a 
cocoon. The well-known examples are 
Apis (Honey bee), Vespa (Wasp), Formica 
(Ant). 
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Order Strepsiptera . Wingless and dege- 
nerated females are endoparasitcs but 
the males are free-living and winged. 
Anterior wings in males work as halters. 
At rest the hind wings of male remain 
folded like fan. Metamorphosis is complete. 
The example is Stylops . 

Section Paraneoptera 

Wings develop from external wing buds. 
Wings are usually poorly developed. Very 
limited Malpighian tubules are present. 
Metamorphosis varies from partially com- 
plete to fully complete condition. Mouth 
parts are adapted for either biting or 
sucking. All the forms are either parasites 
or pests and are included within the or- 
ders — Psocoptera, Mallophaga, Anoplura, 
Thysanoptera, Homoptera and Hetero- 
ptera. 

Order Psocoptera. Book lice are the 
members of the order. Size is extremely 
small. Wings may or may not occur. 
When present, the anterior pair is larger 
and both arc membranous. Gerci are 
absent. Mouth parts are built up for biting. 
The example is Psocus . 

Order Mallophaga. This order includes 
the bird lice. Body is dorso-ventrally flat- 
tened. Antennae are short. Wings are 
absent. Mouth parts are degenerated but 
adapted for biting. Youngs resemble the 
adults in structural details. The example 
is Menopon. 

Order Anoplura . The order includes 
the sucking lice. All are ectoparasites of 
mammals. Mouth parts are adapted for 
piercing and sucking. Wings are absent. 
Body is dorso-ventrally flattened. The 
example is Pediculus. 

Order Thysanoptera . All thrips arc the 
examples. All arc plant pests. Mouth parts 
are adapted for sucking. Wings may or 
may not be present. When present the 
wings are slender and with elongated 
setae at the margin. The example is 
Heliothrips. 

Order Homoptera . Mouth parts are adap- 
ted for sucking. Pronotum is rudimentary. 
Wings are membranous and during rest 
are held in roof-like fashion. The exam- 
ples are Aphis , Cicada and Tachardia (Lac 
insect). 

Order Heteroptera. Mouth parts are suck- 
ing. Pronotum is large. Wings, at the time 


of rest, lie one over the other. Mesothoracic 
wings are thick and its lower half is pig- 
mented. The examples are Cimex , Anasa . 

THE ONYCHOPHORES 

Commonly known as velvet worms or 
Peripatus. Body is worm-like. Head is 
not clearly differentiated. Externally the 
segmentation is denoted only by the 
presence of short paired stumpy legs. Jaws 
are modified locomotory appendages. Eyes 
are more like those of annelids. Integument 
is very thin and die cuticle contains varied 
ring-like striations. Muscles are unstriated. 
Respiration is carried by both coxal vesicles 
and tracheal tubes. Spiracles arc without 
any closing device. Excretory organs 
are paired segmental coelomoducts. AH 
are carnivorous. Fertilization is internal. 
Usually viviparous. Reproductive and 
excretory ducts are ciliated. There are 
twelve genera of the onychophora. 

THE TARDIGRADES 

These small aquatic animals are com- 
monly called water-beat's. Size never ex- 
ceeds more than T2 nun in length. It can 
survive prolonged dryness. Body is poorly 
demarcated into head and trunk. Four 
segments of the trunk are represented by 
four pairs of wart-like legs. Each leg has 
four claws. Cuticle is without chitin. 
Usually herbivorous. Mouth parts arc 
modified for piercing and sucking. Excre- 
tion is carried by three small glands which 
open into the cavity of the gut. Fertiliza- 
tion is usually internal. All are oviparous. 
Two kinds of eggs are released. In an indi- 
vidual, the number of cells is always cons- 
tant, thus the growth after certain period 
involves only the elongation of cells. The 
examples are Macrobiotics , Hyps i bias. 

THE PENTASTOMIDS 

All the members are parasitic and popu- 
larly known as Tongue worihis. Adult lives 
within the nasal passage of kiog and other 
animals including man. Elifferent struc- 
tures are degenerated id the adult. 
Females are 10 cm in length; Larva posses- 
ses 2- 3 pairs of unjointed legs. Cuticle 
contains chitin and.exhibits annular mark- 
ings in the adult. Muscles are striated. 
Completion of life history requires inter- 
mediate host. The examples are Linguatula 9 
Armillifer . 
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GENERAL NOTES ON 
ARTHROPODA 

This large phylum includes nearly 
9,00,000 species. All of them possess a few 
common characters, but at the same time 
they exhibit diversity. The arthropods, dis- 
cussed as types, have clearly exemplified 
that in habit, form and structure, these 
animals show great diversity. Attainment 
of such a diversity has enabled them to 
explore all possible ecological niches. 
The study of arthropods is important to 
understand the major principles of biology 
and at the same time for the immense eco- 
nomic importance of some of the groups. 

HISTORY 

The earliest record of the study of arth- 
ropods is available from the work of 
Aristotle (384-322 B.G.), who coined the 
term Malacostraca to include crabs and the 
related forms. The present trend of study- 
ing Arthropoda began with the work of 
Linnaeus (1707-1778), who created a 
group Insecla aptera to include Crusta- 
ceans, Myriapods and Spiders. The names 
Crustacea and Myriapoda were first intro- 
duced by Cuvier (1769-1832) and 
Latrcille (1825). Lamarck (1744-1829), 
in his classification, included spiders, mites, 
myriapods and silver fishes under Arach- 
nida and grouped prawns, lobsters, crabs 
and water lleas within Crustacea. It was 
Cuvier who first suggested to include 
these animals and Annelids under one large 
group, Articulata . Von Siebold (1845) later 
separated the Annelids and the rest were 
included under Arthropoda. 

HABIT AND HABITAT 

The arthropods are seen from 30,000 
feet below to 20,000 feet above the sea 
level. These bilaterally symmetrical, joint- 
ed-leg invertebrates may be marine, fresh- 
water, terrestrial, subterranean and aerial. 
Some arthropods like barnacles, are seden- 
tary. Innumerable crustaceans which live 
as planktons, move passively in the cur- 
rent of water. But well-developed struc- 
tures are present in many arthropods for 
moving effectively by swimming, crawling 
and flying. Some arthropods live within 
burrows, some are efficient diggers and 
many others build well-designed nests. 
Certain arthropods like honey bees, ants 
and termites are polymorphic and lead a 


complicated social life. All the food habits 
— herbivorous, carnivorous and omni- 
vorous arc seen among arthropods and 
various food-getting devices are met within 
this group. Large number of arthropods 
live as parasites and structural changes 
occur in them to adjust with the peculiar 
mode of life. Many arthropods are well- 
known for their habit of migration. Some 
of them can produce sound and nearly all 
are equipped with efficient sense organs. 
Some forms exhibit a phenomenon — sus- 
pended animation , to overcome unfavourable 
conditions. Sexual reproduction is often 
accompanied by courtship dances. The 
members may either be oviparous or vivi- 
parous or ovoviviparous and some forms 
exhibit parental care. Parthenogenesis is 
quite common in arthropods. 

TAGMATIZATION 

The me tamer ically segmented body of 
arthropods shows distinct advancement 
over annelids in having prominent specia- 
lisation of regions. Each structurally and 
functionally differentiated region contains 
several segments and is called a tagma . Such 
regional isation is known as tagmatization. It 
often involves fusion and condensation of 
segments and the pattern varies in different 
arthropods. The crustaceans have three 
tagma ta — head, thorax and abdomen. But in 
different crustaceans the arrangement of 
segments in the three tagma ta may vary. 
In the Myriapods, the anteriormost tagma, 
head is well defined but the other two 
tagma ta, thomx and abdomen , are not defin- 
ed. For this reason the posterior part of the 
body afttv the head is called trunk. All 
Cheliccrates exhibit extreme condensation 
of the body. Here, an anterior cephalothorax 
is formed by the fusion of the head and 
thoracic segments and a posterior abdomen 
with or without external segmentation. 
Among the arthropods, the tagmatization 
is most perfect in insects, where head , 
thorax and abdomen have been fully differen- 
tiated. This attainment has probably 
enabled the insects to radiate more effi- 
ciently than other arthropods. Compared 
to the arthropods, the parartbropods 
exhibit very little tagmatization^ Only the 
C )nychophores have the beginning of head 
formation. 

Head 

In Crustacea, the head is formed by 
the fusion of six segments. The organisation 
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of head varies in different Crustaceans. 
In Cephalocarida and Branchiopoda, the 
head is free from thorax. In free-living 
Copepods, only die first thoracic segment 
unites with the head to form a cephalotho- 
rax. Similar condition is seen in Sy near ids, 
Amphipods and lsopods. In Tanaidacea, 
the first two thoracic segments unite with 
the head. All thoracic segments take part 
in the formation of cephalothorax in the 
Decapods. An exoskeletal covering, cara- 
pace, is usually present over the cephalotho- 
rax. The carapace is absent in Syncarids, 
lsopods and Amphipods. In Cirripcds, it 
forms a mantle with outer calcareous 
plates, The carapace extends only up to 
the second thoracic segment in Tanaidacca 
and Hoplocarids, up to the third thoracic 
segment in Gumacca and up to the fourth 
abdominal segment in Leptostraca and 
up to all cephalothoracic segments in 
Rucarida. In Phyllocarida, it encloses both 
the cephalothorax and abdomen. 

In Myriapods, a distinct head capsule 
is formed. In Ghilopods and Symphyla, 
the last segment of the head bears the 
second maxillae which unite to form the 
labium. But in Pauropoda and Diplnpoda 
this segment becomes a part of the trunk 
and forms a structure called collum. 

In Insects, the head is formed by the 
fusion of p re- antennal part and following 
live segments -antennal, intercalary , mandi- 
bular, maxillary and labial. The head is 
largely modified in different insects, but in 
all of them it occupies similar position and 
is bounded by following exoskeletal pieces 
— dorsal epicranium , lateral genae and frontal 
clypeus. Behind the epicranium there are 
two more pieces — occipital and post- 
occipital which border an opening, foramen 
magnum , at the posterior end. 

In Chelicerates, the head is fused with 
the thorax to form cephalothorax. The only 
exception is the Solifuglds, where the two 
are separate. In Pseudoscorpionidae, the 
cephalothorax is marked by two transverse 
grooves. In the Ricinulei, cephalothorax is 
drawn into an anterior projection called 
i ucullus. In all the members, an exoskeletal 
covering, carapace covers the cephalotho- 
rax. The 'carapace is broad ana strongly 
developed in the Xiphosurida. 

Thorax 

The thorax may be reduced in certain 
Crustaceans like Ciadocera or unsegmented 


and enclosed within the carapace like 
Ostracoda. In free-swimming Copepods, 
only the first thoracic segment is indistinct 
and the last thoracic segment of the 
female is fused with the first abdominal 
segment. In all the parasitic and seden- 
taric forms like Copepods, Rhizoccphala 
and Cirripeds, the thorax is degenerated. 
In Malacostraca, the thorax has eight 
segments and either all or some of them 
take part in the formation of cephalotho- 
rax. 

In Myriapods, the thorax is not diff- 
erentia led and in all Chelicerates (except- 
ing the Solilugids) the thorax Is intimately 
connected with the head to form ccphalo- 
tliorax. 

In Insects, the thorax is distinct and 
consists of three segments -pro thorax, 
mesothorax and metal iiorax. In most forms 
these three segments are firmly united. 

Abdomen 

In Crustaceans, the abdomen may be of 
various shapes. It is turned downwards and 
carries a pair of brood pouches in the 
female Ciadocera. The abdomen is four 
segmented in lrcc-swimming ( lopepods and 
bears a pair of caudal styles in the last 
segment. The number of abdominal seg- 
ments varies in Malacostraca six seg- 

ments in Decapoda, Amphipoda and 
Isopoda. seven segments in Lcptostraca 
and many in Stomatopoda. In Decapods 
and lsopods, the abdominal segments are 
tree but fused in Ampliipoda. The abdo- 
men in crab is much reduced and pressed 
along the ventral wall of the cephalotho- 
rax. In Stomatopoda, the abdomen is 
longer than the cephalothorax. A telson 
with paired caudal styles is present in all 
excepting Syncarids where the caudal 
style is absent. 

In Myriapods, the abdomen is not 
differentiated from the thorax. 

In Chelicerates, the abdomen is dis- 
tinct in most cases and shoivs the sign of 
further subdivision. In >$iphosura, the 
abdomen consists of six rtusn$ornal segments 
and a vestigial melanoma . It is followed by 
a long and pointed telson. fin Scorpionids, 
the mesosoina is broad and seven 
segmented but the metasoma is five 
segmented, long and narrow. The number 
of segments is ten in Solifugids and Opilio- 
iuvi. In Uropygi the abdominal segments 
are twelve. The eleven segments in the 
broad abdomen of Pseudoscorpionids are 
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riotseparatedintomesosoma and metasoma. 
In Ricinulei, the nine segments are fused 
in such a way that only four are distinctly 
visible. The fusion is more intimate in 
Arancids, where only faint lines are visible 
in the soli and compact abdomen. A many- 
jointed flagellum is seen in Palpigradida 
and Uropygi. 

In Insects, the abdomen is made up of 
eleven segments. In certain forms the 
abdominal segments exhibit fusion. The 
posterior abdominal segments are often 
modified to form genital chambers. 

Appendages and non-appendicular 

structures 

In Arthropods, each metamere contains 
a pair of appendages. Due to tagmatiza- 
lioiij these appendages arc often found to 
be shifted. Also in different forms the 
appendages are variously modified accord- 
ing to their *fti net ions i Figs. 16.119 and 
16.120). In general, the arthropod 
appendage* ar * made up of several articles 
or segments and the body cavity extends 
within the appendage. 

In Crustacea, the appendages may.be 
classified into three groups- — Cephalic, Tho- 
racic and Abdominal appendages. 


Cephalic appendages include a pair of 
anlennul.es or first antennae , a pair of second 
antennae , a pair of mandibles and two pairs 
of maxillae. (i) Antennule. 1 his is well deve- 
loped in Ostracoda, Copepoda and Mala- 
costraca, but small in Cladocera and ex- 
tremely minute in Cirripedia. It serves as 
locomotory organ in Copepods where the 
males also use it as clasping organ. It is 
uniramous in Tanaidacea, Isopoda and 
Amphipoda. It usually bears two llagella, 
but in Stoma topoda the number of flagella 
is three, (it) Second antenna. It is large in 
Branchiopoda, Cladoccra, Ostracoda and 
Malacostraca. In free-swimming Copepods 
it is small and uniramous and totally ab- 
sent in Rhizoccphala. In addition to its 
sensory function, it may be variously modi- 
fied in different crustaceans. In parasitic 
Copepods, it is modified as a hook for 
adhesion and in some forms for absorbing 
nutrition. In Branchiopods, it works as 
prehensile organ and in Cladoccra it is res- 
ponsible for locomotion. (Hi) Mandible. It 
is well formed in Cladoccra, Ostracoda and 
Malacostraca. In the first two groups, the 
mandible contains a leg-like palp and a 
flagellum-like brush. In Malacostraca, the 
mandibles arc with serrated-cutting edges 
which border the two sides of the mouth 
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Fig. 16.120. Terminal end of abdomen in a few arthropods. A. Spider. B. Pcripatus. G. Lepi- 
durus. D. Calocalanus . E. Grasshopper. F. Branchipus. 


and a long palp to assist in ingestion, (in) 
Maxillae . Two pairs of maxillae follow the 
mandible. The first maxilla carries a large 
plate in Ostracoda. The second maxilla is 
absent in Cladocera and in Ostracoda it is 
jaw- or leg-like. In Malacostraca, the exo- 
podite of the second antenna works as foot- 
cleaner. 

Thoracic appendages vary in number 
among the crustaceans. The number ranges 
from 2-4 pairs in Ostracoda, 5 pairs in 
Cladocera and free-swimming Copepods 
to 8 pairs in Malacostraca. In Cladocera 
these are swimming appendages. In Ostra- 
coda these appear as narrow legs. In frec- 
swimming Copepods, the first four pairs 
are biramous swimming feet but the fifth 
pair is vestigial limbs. Extreme variations 
are noted in Malacostraca. Iri Mysida- 
cea, all the thoracic appendages are alike, 
but in forms like Cumacea, Tanaidacca, 
Decapoda and Stomatopoda some of the 
anterior thoracic appendages are differen- 
tiated as ' maxillipeds and the posterior 
groups become walking legs. The maxil- 
iipeds are one pair in Tanaidacea, two 
pairs in Cumacea, three pairs in Decapoda 
and five pairs in Stomatopoda. Thus the 
walking legs in these groups are 7, 6, 5 and 


3 pairs respectively. In Syncarida, slender 
respiratory exopodite and double series 
of epipodites arc in association with tho- 
racic appendages. The Mysidacea bears 
only exopodites. 

Abdominal appendages are absent in 
Cladocera, Ostracods and Copepoda. 
Diverse arrangements are seen in Mala- 
costraca. In Lcptostraca, the first four 
pairs are biramous swimming feet and the 
last two pairs are uniramous and insigni- 
ficant. The last pair in Syncarida together 
with telsori constitute, a fan-shaped 
uropod. The first five pairs in males 
Mysidacea are larger than those of females. 
In Arnphipoda, the first three are bira- 
mous swimming appendages but the last 
three are modified for juinping. First few 
in Isopoda and first five abdominal 
appendages in Stomatopoda carry die gills 
and in both the last pair fogrm the uropods. 
Well- developed uropods are seen in Deca- 
pods like prawn and lobsters, but is 
absent in true crabs. 

In Myriapods, the?, appendages are classi- 
fied into two groups — cephalic and trunk 
appendages . Following appendages are 
present in the Cephalic region — antennae , 
mandibles and maxillae . ( i ) Antennae — In 
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most cases, one pair of elongated and 
many-jointed antennae are present. In 
Pauropods, the antennae are branched. 
(ii) Mandibles . These paired structures are 
used for cutting the food. Here, the 
mandibles are without palp. (Hi) Maxillae . 
In Chilpods and Symphyla, the maxillae 
are two pairs and the second maxillae 
unite to form the labium. In Pauropoda 
and Diplopoda, the second maxillae are 
absent. 

Trunk appendages are represented by 
the legs . In Chilopoda and Symphyla, 
each trunk segment is provided with a 
pair of jointed legs. The legs of the first 
segment are directed anteriorly and 
through its terminal end opens the duct 
of the poison gland. It is known as 
poison jaws or maxillipeds .. In Diplopods, 
each segment after the first four possesses 
two pairs of legs. The legs of the seventh 
segment are modified in male as copula- 
tory organs. 

In Chelicerates, the appendages are 
cephalothoracic and abdominal. Three types 
of appendages are found in the Cephalo- 

thorax (i) Chclicerae , (ii) Pe dipalpi and 

(Hi) Walking legs. 

( i . ) Chclicerae. It is the. appendage of first 
postoral segment, but it occupies preoral 
position. In Scorpionids, it is small and 
composed of three articles. The distal 
articles are chelated. It is two- jointed and 
hook-like in Amblypygi. Number of arti- 
cles vary in Acarida from 2-6 and this 
appendage may be pineer-like, fang-like or 
lance-like. The chclicerae contain silk 
glands in Pscudoscorpionids and poison 
glands open through them in Arancida. It 
is quite prominent in Palpigradi, Rieinulei 
and Solifugae. (ii) Pcdipalpi. It represents 
the second postoral segment. In Xipho- 
surida, it is leg-like, jointed and helps both 
in food capture and locomotion. Here the 
proximal segment is spiny and the distal 
part is chelate. In Scorpionida, Arancida 
and Pseudoscorpion ids, the pedipalp is 
made up of six articles. It is leg-like in 
Palpigradi, Solifugae and Opiliones. In 
Uropygi, it is small, stout and its base, 
together with the upper lip of the rostrum, 
forms a ball and sockgt-joint around the 
mouth to act as filtering apparatus. In 
Amblypygi, each pedipalp is seven seg- 
mented and is raptorial in function. It 
contains poison gland in Pscudoscorpionids 


and in Acarida it may be variously modi- 
fied. In male Araneida, the tip of the 
pedipalp is modified for sperm transfer. 
(tit) Walking legs. In the Xiphosurida, the 
third to sixth pairs of appendages are the 
walking legs. The legs exhibit sexual di- 
morphism. In addition to their function of 
locomotion the legs are adapted for inges- 
tion. For this purpose, the bases of the legs 
are drawn into spiny lobes called gnatho- 
bases. All the legs excepting the last are 
chelated. The last leg bears four movable 
spines at the distal tip to act as shovel and 
a spotulate process in the outer border of its 
base. In addition to the walking legs, the 
cephalothorax of Xiphosurids bears a pair 
of small flat appendages called chillaria. 
All Arachnids contain four pairs of legs. 
In Acarida, the legs are clawed at the 
distal tips. In Opiliones the legs are very 
long and slender. In Uropygi and Palpi- 
gradi, the second pair of legs is long and 
antenna -like. 

Abdominal appendages in the Cheli- 
cerates usually do not take part in locomo- 
tion. The Xiphosurida contains six pail's 
of abdominal appendages on the ventral 
side of the abdomen. Each lamellar appen- 
dage carries a slender inner process and a 
broad outer plate. First pair are fused in the 
middle to form a genital operculum. The re- 
maining pairs arc free and each carries a 
gill. In Arachnids, the abdominal appen- 
dages appear as rudiments during embryo- 
nic development. But in adults these are 
transformed into various structures like 
pectines in Scorpionids and spinnerets in 
Araneida. The respiratory organs, book 
lungs are also formed as the appendage- 
buds near the posterior end of t lie abdo- 
men of the embryo. The caudal spine of 
Xiphosurids is regarded as the appendage 
of the telson and the poison gland and sting 
of Scorpionids are formed by the transfor- 
mation of the telson. 

In Insects, various structures are group- 
ed. its cephalic , thoracic and abdominal ones. 
The cephalic region includes (/) Antennae 
and (ii) Mouth parts. The thoracic region 
contains locomotor structures — (t) Legs 
and (ii) Wings. The abdomen in* adults do 
not have any paired appendage, but 
various structures like stings , ovipositors , 
genital processes , etc. are seen to be present 
in the abdomen. The eye is often consi- 
dered as an appendage of prc-antennal 
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segment. The wings and other unjointed 
structures having no supply of blood, 
nerve and muscles are regarded as non- 
appendicular structures. 

Structures in the head of insects 

Antennae. These paired appendages 
work at tactile, olfactory, vibration-recep- 
tive and proprioceptive organs. They may 
be of various shapes— bristle- like (Locust a), 
inoniliform ( Tencbrio ) , club-shaped 

( Slipha :), pectinate (Ctenicera) and lamel- 
lated (Melolontha ) . 

Mouth parts. In addition to the ap- 
pendicular parts like mandibics and max- 
illae, two non- appendicular structures take 
part in the formation of mouth parts 
(Fig. 16.121). These are called hypopharynx 
and labrurn. The hypopharynx is the ex- 
tended part of a process which originates 
centrally from the posterior wall of the 
mouth. The hypopharynx together with 
the frontal (clypeus) and ventral (labrum) 
exoskeletal plates in the head form a 
cavity in front of the mouth. This space is 


called cibarium and it is internally lined by 
a highly sensory membrane. The labrum 
remains movably articulated with the 
lower border of clypeus and acts as upper 
lip. The basic parts are the same in all 
insects but the architecture varies widely 
and depends upon the feeding habit of the 
particular group. In Orthoptera and Go- 
leoptera the mouth parts arc like those of 
cockroaches adapted for biting and chew- 
ing. In Hymenoptcra, these are modified 
for piercing and sucking. Here, the mandi- 
bles and the first maxillae are sharply 
pointed and the labium is drawn into an 
elongated tongue with accessory branches 
or par agios sue on its lateral sides. In Hemi- 
ptcra, labium encloses the elongated man- 
dibles and maxillae to form a proboscis . 
In the females of some Diptera the mouth 
parts are adapted for piercing and sucking. 
The mandible forms the piercing structure 
and on its ventral side the labium forms 
the proboscis sheath to enclose six needle- 
shaped piercing styles. The structures, like 
labrum-epipharynx and hypopharynx together 
with proboscis sheath form a sucking tube. 
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1* ig. 16.12 J. Enlarged view of mouth parts in a few types of insects (diagrammatic). 
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In Lepidoptera, the mandibles are reduced 
in the adult. The two maxillae extend to 
form a long tube which remains coiled 
beneath the head. 

Structures in the thorax of insects 

Leo. Each segment of the thorax bears a 
pair of legs. Each leg has five articles -coxa, 
trochanter, femur, Libia and tarsus. The distal 
segment may have either pad or sucking 
disc or single or paired claws. The shape of 
the leg varies according to the habit of the 
insect. In walking insects, the legs are 
slender and in jumping insects the mota- 
thoracic legs are long and powerful. The 
aquatic insects have flattened and paddle- 
like legs. In the honey bee, functional 
differentiation among the legs is distinct. 

Wings. The wings arc not appendages, 
these are extensions of the body wall. 
In general, the insects possess one pair of 
wings on the mesothorax and the other 
pair on the metathorax. 'The wings deve- 
lop as wing buds which may be either inter- 
nal or external. Each wing is supported 
by an arrangement of branching ribs, 
called nervures. Each rib carries the bran- 
ches of tracheae, which remain functional 
up to the completion of the* development 
of wing. The shape, pattern and number of 
wings differ in various insects. In Lepidop- 
tera, both the wings are large and arc 
covered by numerous brilliantly coloured 
scales. In beetles, the anterior part is hard 
and known as elytra. At the time of rest, 
it covers the membranous metal horacic 
wings. In Diptera, the anterior pair are 
well-developed but the posterior pair arc 
shortened and known as the halter cs or 
balancers. In the Strepsiptera, the anterior 
wings arc ha 1 teres and posterior wings are 
well-developed. In the bee-parasites, the 
anterior pair arc vestigial and the posterior 
pair are membranous. The wings arc 
entirely absent in lice and fleas. 

Structures in the abdomen of insects 

The paired appendages of the abdominal 
segments in the insects appear in the em- 
bryo but later either fail to develop or are 
transformed into some specialised struc- 
tures. Following structures are usually seen 
in the abdomen of many adult insects — 
vestigial legs , cerci and external genitalia. 
(1) Vestigial legs. Larvae of pterygota 
bear functional appendages in the abdo- 
men, e.g. caterpillar of Lepidoptera bears 
abdominal legs called prolegs. Neuroptcra 


larvae possess gills on the abdominal 
appendages. But locomotor appendages 
are absent in the adult ptcrygotes. TJiree 
orders of Apterygota — Protura, Thysanura 
and Aptera carry some form of abdominal 
appendages. In Protura, the first three 
abdominal segments bear rudimentary 
paired appendages resembling thoracic: 
legs. The double appendages of Aptera 
in the first seven abdominal segments 
may be either like projecting styli ( Ana - 
japyx) or like retractile vesicles < Japyx) . 
In Thysanura, similar styli are present 
in the segments second to ninth and the 
retractile vesicles in the first seven segments 
of the abdomen. Three median unpaired 
appendages are present in the live seg- 
mented abdomen of Collembola. Each 
appendage is formed by the fusion of 
the two. In the first abdominal segment, 
the appendage forms a structure called 
collophora . In the* fourth segment it becomes 
a spring-like Jurcula and in the third seg- 
ment it forms a clasp called tenaculum. 
<2]> Cerci. These are the appendages of 
eleventh and last abdominal segments. 
Where the number of abdominal seg- 
ments is reduced, it: may also be shifted. 

1 1 is small and scale-like in cockroach 
and grasshopper, but long and filiform 
in insects belonging to the* Aptera, Thy- 
sanura and Ephemerida. in Dcrmaptcra. 
it is modified as forceps-like structure. 

>. 'i) Extern at. genitalia. External geni- 
lalia in both the sexes are formed b\ 
the modifications of abdominal appen- 
dages and oilier non-appendicular parts. 
In the female, genitalia is concerned with 
the deposition of eggs and in nudes it 
assists in copulation. A number of insects 
possess ovipositor formed by the modifica- 
tion of appendages belonging to the eighth 
and ninth segments. In Thysanura, paired 
styli and loits work together with four 
elongated gon apophyses to form the oviposi- 
tor. In Orthoptera, the ovipositor is formed 
by two valvifers and three valvulae of eighth 
and ninth abdominal segments. Such ovi- 
positor is seen in most members of Phas- 
niida, Dictyoptera, Grylloblatodea, Gor- 
rodentia and Odonata. Number of val- 
vular* are two pairs in Dermaptera and 
Neuroptcra. In Hemiptera anti a few' 
Mallophaga, it is further reduced to one 
pair. In Ilymenoptera , all the three pairs 
arc present but in stinging forms the entire 
ovipositor is modified into a sting . In 
Orthoptera, the ovipositor is modified for 
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diggiiig. In males, the abdominal appen- 
dages take part in forming special struc- 
tures around genitalia which is used for 
grasping the female genitalia at the time 
of copulation. It is present in Thysanura, 
Ephemerida, Grylloblattodea, Heiniptera, 
Mecoptera, Lepidoptera, Diptera, Neuro- 
ptera, Trichoptera, Hymenoptera and 
Siphonaptera. In all it is formed by the 
appendages of eighth and ninth abdominal 
segments. In Odonata, it is formed by the 
modifications of the appendages belong- 
ing to the third abdominal segment. 

INTEGUMENTARY SYSTEM 

In all arthropods, the integument consists 
of (i) an innermost extremely thin stellate 
cell layer, called basement membrane , (ii) a 
monolayer of closely packed hexagonal 
cells, hypodermis ( epidermis ) and (iii) outer 
non-cellular layer, cuticle. The cuticle is 
secreted by the hypodermis and excepting 
the regions of joints it is manv-layered. 
The cuticle also lines the inner wall of fore 
gut, hind gut, trachea and genital atrium. 
The cuticle consists of two layers — outer 
epicuiicle and inner procuticle. The cuticle is 
extremely thin and usually does not con- 
tain chitin (exceptions are a few Centipeds 
and Pycnogonids) . Specially in insects, it 
has been seen to contain wax, lipids, 
proteins and steroids. The wax and 
lipids make it impermeable to water# The 
procuticle contains chitin, a special kind of 
polysaccharide and is divisible into two 
layers — - exocuticle and endocuticle. The outer 
exocuticle is a tough layer and the inner 
endocuticle is many-layered and flexible. 
In Crustacea and Diplopods, various cal- 
careous substances are seen to be deposited 
in the exocuticle. The different colouration 
of the pigments is due to the presence of 
pigment cells in the hypodermis. The outer 
part of the integument may have various 
striations and markings. Its outpushings 
may form spiny structures and inpushings 
give rise to apodemes for the attachment of 
muscles. 

MUSCULAR SYSTEM 

In arthropods, the muscles arc striated. 
In the thorax the longitudinal muscles are 
present as a pair of dorsal and a pair of 
ventral bundles. Each joint is provided 
with two sets of muscles, one of which is 
antagonistic to the others. Some of these 
somatic muscles can work at astounding 


speed, e.g. wing muscles of insects, mus- 
cles operating the stridulating organs in 
various arthropods. The splanchnic muscles 
are present around the gut, heart, aorta, 
diaphragm, etc. These muscles are arran- 
ged either as layers of longitudinal and cir- 
cular muscles or as myofibrilar network. 

BODY CAVITY 

In Arthropoda, true coelom appears as 
pouches in the embryonic stage. In course 
of development its walls are used up in the 
formation of organs and the space becomes 
continuous with the blastocoel. It is called 
mixocoel and as blood flows through it, this 
is also referred as haemocoel . In Crustacea, 
true coelom is restricted to the space of 
ophthalmic artery, within excretory and 
reproductive parts. Almost similar condi- 
tion is found in Onychophorcs, where true 
coelom is restricted only around the ex- 
cretory and reproductive parts. But in My- 
riapods and Insects, the coclomic spaces, 
are retained only in reproductive parts. 

DIGESTIVE SYSTEM 

The digestive system is concerned with 
nutrition. The process primarily involves 
three phases- ingestion, digestion and 
egestion. As arthropods live, in varied habi- 
tats, they carry out these phases in different 
ways. Each group has developed the struc- 
tures perfectly suited to its particular way 
of life. 

The digestive system includes —(i) Ali- 
mentary canal and (2) Digestive glands. The 
digestive system is absent in certain adult 
insects, e.g. Mayflies and much modified 
in a few parasitic crustaceans like Sacculina. 

Alimentary canal 

In general the alimentary canal is divi- 
sible into three parts —(a) Fore gut, (b) 
Mid gut, and (c) Hind gut. The structure 
varies in different arthropods (Fig. 1 G. 1 22) , 
but in all the fore and hind guts are lined 
internally by cuticle. ;; 

Crustacea. In parasitic Crustaceans, 
specially in endoparasitesf the alimentary 
canal shows marked degeneration. But in 
free- living forms it extends along the entire 
length of the body. In most Crustaceans, 
the fore gut includes mouth, gullet and 
oesophagus. But in Malacostraca, the next 
part, stomach is also included within fore 
gut. ’The mouth in general is ventrally 
placed and some distance away from the 
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Fig. 16.122. Alimentary eaiuil in a few arthropods . other structures of the body are not shown). 
A. Daphnia. B. Enphausia ('I horacic appendages arc not drawn). C. Spider (Ammothea) . D. Beetle 
(Carahus ), Malpighian tubules are partly drawn. E LHhobius , a Myriapod (Malpighian tubules 
arc partly drawn . 


anterior end. The gullet is vertical and the 
stomach is more or less sac-like. In most 
Crustaceans, the mid gut is straight and 
dorsally placed. The intestine is coiled in 
Cladocera. Near the posterior end of the 
mid gut in Amphipoda, single or paired 
caeca are present. The hind gut contains a 
bulb-like rectum which opens to the ex- 
terior through a posterior terminal aper- 
ture called anus. 

Myriapods. Length of the lore gut 
varies in different Ghilopods. In Diplo- 
pods, a prcoral cavity is present in front 
of the mouth and it leads to a pharynx of 
varied length. The lining of mid gut in the 
same group contains both secretory and 
absorptive cells. The hind gut is consider- 
ably long and in some (Julidac) is sub- 
divided into three parts. The last part is 
usually sac-like and # evcrsiblc. In the 
Pauropoda, the fore gut is contractile and 
the mid gut begins from third segment 
of the trunk. The hind gut is divisible 
into a tubular part and a sac-like part. In 

31 [vol. i, 76 ] 


Symphyla the hind gut is divisible into 
four parts. 

Insects. Mouth is placed at the ventral 
and terminal end of the head. Mouth is 
bounded by mouth parts which differ 
according to the food habit of the insect. 
The other parts of the fore gut include a 
well- developed pharynx , bag-like crop and a 
muscular gizzard or proven trkulus. The 
gizzard is prominent in Goleoptcra and 
ants. In honey bee, it acts as a honey 
stomach. The mid gut varies widely in 
insects. The anterior end of the mid gut 
in most insects gives rise to diverticulum or 
c accum. The caecum is absent in Lcpidop- 
tera and Collembola. In some Diptcra the 
mid gut is long, coiled and divisible into an 
anterior digestive part and a poster io[ absorptive 
part. In Hetcroptera, tl\e anterior part is 
sac-like and known as stomach, while the 
much coiled posterior part is called intestine. 
In Homoptera, the fore gut and hind gut 
join with each other and the mid gut is set 
aside as a loop. In Coccidae the last part 
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of the fore gut and the first part of the mid 
gut remain inside the hind gut. In most 
insects, a constriction separates the mid 
gut from hind gut and the latter is divisible 
into a slender anterior part and broad 
posterior part. In some Coleoptera and 
termites the hind gut is sac-like and con- 
tains cellulose-splitting bacteria. 

Chelicerates. The position of mouth 
varies. In Xiphosurids, the slit-like mouth 
lies in between the second and fifth gnatho- 
bases. A preoral cavity is present in front 
of the mouth of Scorpionids and Uropygi. 
In Palpigradi, mouth is present on the seg- 
ment which bears pedipalp. In Ricinulei, 
the preoral cavity is covered anteriorly by 
a flap-like projection of carapace, called 
cucullus. A projected rostrum in Solifugae 
beat's the mouth at its tip. Usually the 
pharynx and in some cases (spider) the 
stomach is suctorial. The mid gut sends 
paired and much branched diverticula in 
all chelicerates, where both digestion and 
absorption take place. Only unbranched 
diverticula are seen in Opiliones, Ricinulei 
and Acari. In Xiphosurids the diverticula 
fill up the prosoma but in Arachnids it is 
restricted only to the abdomen (excepting 
scorpion, where two pairs extend within 
prosoma). In Scorpionids, the hind gut is 
the straight continuation of the mid gut 
and is called rectum. In Xiphosura, the 
short tubular rectum has folded walls. In 
spider and Pscudoscorpionids, dorsaf diver- 
ticula are given out from the rectum. 

Digestive glands 

In Crustacea, the most important 
digestive gland is hepatopancrcas. It contains 
two kinds of cells — hepatic and pancreatic. 
The gland is formed by numerous finger- 
like tubules. In prawns and crabs, the 
hepatopancrcas is placed within the cepha- 
lothoracic cavity. But in Amphipoda and 
Isopoda it extends within the abdomen. In 
Stomatopoda, these digestive glands are 
arranged in ten metameric pairs. Salivary 
glands are known in certain forms. 

Among the Myriapods, four pairs of 
salivary glands are seen in Chilopoda and 
Diplopo4a. But in Pauropoda the number 
are reduced to two pairs and in Symphyla 
there are only one pair of large salivery 
glands. In addition to the salivary glands, 
the cells present in the lining of mid gut are 
also responsible for producing digestive 
juices. 


In Insecta, three sets of glands- - labial 
glaruh, maxillary glands and mandibular glands 
are often referred together as salivary 
glands, which secrete digestive juices. 
Labial glands are slender, elongated tubes 
in inuscoid Hies and paired sac-like struc- 
tures with lining of secretory cells in 
mosquito. Labial glands of larva] Lepidop- 
tera work as silk glands. The maxillary 
glands are functional in the adult Protura 
and Collembola. Mandibular glands are 
present in most Aptcrygota and in Dictyo- 
ptera, Isoptcra, Trichop tera and Hyme- 
noptera. Of these three kinds of salivary 
glands, usually only one kind is functional 
and other two are degenerated. But it may 
be that two or all the three sets continue 
to be functional. In honey bee the labial 
glands work as wax glands, and the man- 
dibular glands produce secretion to soften 
the pupal case. True salivary glands 
originating from the pharyngeal system 
open within the pharynx. The saliva, in 
addition to its enzymes, often contains 
anticoagulant. The digestive juices are also 
produced from the lining of the mid gut. 

In Chelicerates, the salivary function 
is carried by a pair of rostral glands and a 
pair of maxillary glands. The diverticula 
of the mid gut produce digcstivejuie.es. 

Mechanism of digestive system 

The Crustaceans exhibit an evolutio- 
nary trend in the food-getting dev ices. Pri- 
mitive crustaceans ( ; Cephalocarida) use 
their identical appendages for locomotion 
and also for filtering food particles from 
the surrounding water. But in advanced 
groups the appendages are differentiated 
to capture food. The best example is 
prawn, where maxillae and maxillipcds, 
while producing water current for res- 
piration, assist the food to enter into the 
mouth. Mandibles cut the food into pieces. 
Some of the walking legjs being chelated 
can grab the food. The; stomach is also 
modified for crushing the food and also to 
digest it;. The Myktapoiis have powerful 
mandibles for capturing >and cutting the 
food. In this group, the hind gut exhibits 
special structural changes for preventing 
any loss of water. The organisation of 
mouth parts in Insects speaks about the 
advancement of this group over others 
regarding food procurement. The intestine 
and diverticula perform the breakdown 
and absorption of food efficiently to meet 
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the excess demand of energy. Among 
Chelicerates only the Xiphosurids are 
capable of ingesting solid food. The 
Arachnids have devices by wliich the prey 
is predigested either by injecting enzymes 
or by taking it in a special preoral cavity. 
The partly digested liquid food is sucked 
inside the alimentary canal. 

RESPIRATORY SYSTEM 

The respiration involves the exchange of 
gases between the body and the environ- 
ment. I’lie oxygen from the surrounding 
medium cqters within the body and carbon 
dioxide comes out of the body to the 
environment. Either entire surface or at 
least some parts of the body act as resp ira- 
tely surface. If the animal is terrestrial, 
then the surface of exchange must remain 
moist. Usually the circulatory system 
carries oxygen from the respiratory surface 
to the different tissues and again returns 
carbon dioxide from the tissues to the res- 
piratory surface for removal. Following 
devices are seen in the animal world to carry 
out: respiration: (1) through the general 
surface of the body, (2) through specialised 
organs like gills, lungs, etc. From the 
physiological point of view the respiratory' 
acts may fall into three categories: (1) Indi- 
vidual gets oxygen w liich remains dissolved 
in water. (2) Individual exchanges gases 
with the surrounding air. (3) Individual 
lives in water but: breathes air. All these 
devices and categories are met with in arthro- 
pods (Fig. 16.123) and the climax is 
reached in the insects, where respiration is 
totally independent of circulatory system. 

Respiratory organs in Arthropods. 

Among the arthropods Branchiopoda, 
Girripedia, Ghironomous larvae and 
minute Arachnids respire through the 
general surface of the skin. In these forms 
exchange takes place by the physical pro- 
cess of diffusion. But most arthropods have 
specialised structures for aquatic and aerial 
respiration. 

Aquatic respiration 

Gills. The gills are the respiratory 
organs of aquatic afthropods. These are 
best developed in Crustaceans. In other 
aquatic arthropods, special types of gills 
are often encountered, (i) Origin of gills 
in Crustacea . Gills originate as outpushings 
of the body wall. In Amphipoda, the gills 
are outgrowths of the thoracic limbs and 


in Isopods the endopodites of second and 
fifth pleopods are modified as gills, (ji) 
Shape of gills in Crustacea . A typical gill is 
crescent-shaped. It consists of a rod, on 
each side of which are arranged blade-like 
gill filaments. One end of each filament 
remains connected with the rod and blood 
vessels enter into it through this region. 
The other end of the filament is blind. 
[Hi) Types of gills in Crustacea. According to 
its mode of attachment the gills may be of 
three types: (a) Podobranch — attached 
with the coxopodite of the thoracic appen- 
dage, (b) Ar thro branch- — attached with the 
arthroidal membrane and (c) Pleurobranch 
— attached with the lateral wall of the 
thorax, [ivj Number of gills in Crustacea. 
Number vary in different groups. The 
Decapods which contain all the types of 
gills exhibit extreme variation — in the 
shrimp, Lucifer, gills arc absent; penaeid 
shrimp has 24; Homarus has 20; Peacrab 
contains 6 gills. In Palacmon , the anterior 
gills are small and the size increases to- 
wards the posterior end. 

i Modification of gills in Arthropoda. 'The gills 
are variously modified in Crustaceans and 
other Arthropods. In Phyllocarida, broad 
epipodites of the thoracic appendages 
work as gills. Similar gills arc seen in 
Gumacea. Gills are plate-like in Amphi- 
poda and flattened in a Decapod, Palinurus. 
In Euphausiacca, the tufted podobranchs 
are not covered by carapace. The gills 
appear as a row of small branchial lamel- 
lae on each side of Gyprididae. In Phyllo. 
poda, the leaf- like pleopods work as gills. 
Among the Crustaceans only Stomatopods 
and Isopods have abdominal gills. 

In the aquatic larvae of many insects, a 
series of simple and divided external pro- 
cesses are attached to the abdominal seg- 
ments. These are richly supplied with 
tracheae and are called the tracheal gills. 
In certain insect larvae the tracheae are 
replaced by the branching of blood vessels 
and are called the blood gills. In the nymphs 
r several insects the inner surface of rectum 
bears gills. These gills are called the rectal 
gills. 

The most specialised gills are seen in 
Xiphosurids, where the abdominal* appen- 
dages bear platc-like book gills. These 
gills are formed by the evagination of the 
posterior borders of opisthosoma in seg- 
ments from ninth to thirteenth. Each gill 
contains nearly 150 lamellae, which look 
like the delicate leaves of a book. 
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Fig. 16.123. Respiratory structures of a few arthropods. A. Tracheal system of a typical insect. 
B. Air pipe of water scorpion. C. Breathing tubes of a mosquito larva. D. Tracheal gill of an 
insect. E. Book gill of Limulus . F. Book lung of spider. G. Podobranchial gill of Crustacea. H. 
Pleural gills of crustacea. I. Leaf-like gill of a damsel- fly nymph. J. Mesh of gills in a caddis- 
fly larva. 
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Mechanism of gill respiration . In most 
Crustaceans, the gills are not covered 
within a special gill chamber. But in 
Decapods, the carapace extends laterally 
over the gills to house them in a special 
chamber. In such forms with chamber, 
current of water enters through one end 
and after bathing the gills, passes out 
through another direction. In Crustaceans 
and Xiphosurids, in the gills gaseous ex- 
change takes place between the blood and 
the water. But in Insects, after diffusion 
the oxygen passes to the tracheal tubes. 

Other devices of aquatic respiration 

In Crustacea, the lining of the branchioste - 
gite and epipodites of thoracic appendages 
are often richly supplied with blood and 
act as respiratory organs. The immature 
Odonates (Insecta) have their rectum 
modified into a branchial basket. Its wall is 
contractile and richly supplied with the 
branches of tracheae. This kind of respira- 
tion is often reic: i« d as anal respiration. 

Aerial respiration 

Trachea. This is the most important 
organ for aerial respiration. This chitin- 
lined tube is seen in almost all land 
arthropods and is best developed in insects. 
Two types of tracheae are seen: (i) ventilla- 
tion trachea — oval in section and collapses 
after the exhalation of air and (ii) diffused 
trachea — rigid and does not collapse after 
the exhalation. The tracheae originate as 
the invagination of body wall, (a) Struc- 
tures of tracheae and associated parts — Each 
trachea is a tube with walls made up of 
polygonal cells and is internally lined by 
spiral ridges, the taenidea . The tracheae 
open externally by small openings called 
spiracles. Each spiracle is placed within a 
chamber and on a plate called penctrene. 
Each spiracle has two lids for opening and 
closing. Within the chamber foreign 
particles are eliminated by a filtering 
apparatus, containing either special bun- 
dles of setae or a kind of sieve-like mem- 
brane. Some parts of tracheae are dilated 
to form air-sacs which work as reservoirs. 
The finer branches of tracheae are called 
tracheoles winch are without inner taenidial 
ridges. A tracheole may l*e one micrometre 
in diameter and reaches every cell of the 
body. The end of a finer tracheole is 
immersed in a fluid through which gaseous 
exchange takes place. ( b ) Classification of 


tracheae — In adult insects, the tracheal 
system is of' one kind. Two thoracic 
and eight abdominal spiracles are usually 
present in all adult insects. In certain 
forms some spiracles may be seconda- 
rily absent but they appear at least in 
some stages of development. For exam- 
ple, the queen of termite has only six 
abdominal spiracles instead of eight. The 
metathoracic spiracle is absent in orders 
like Lepidoptera, Hymenoptcra, Golleop- 
tera and a few others. But during develop- 
ment, spiracles appear in varied ways in 
different insects. Thus from the point of 
view of embryology the tracheal system is 
classified on the basis of the number 
of functional spiracles. This classifica- 
tion does not denote any special kind 
of tracheal system in an adult. According 
to the classification, the tracheal system 
in larvae may be: ( i ) Polypneustic. When 
eight or more pairs of functional spira- 
cles are present. It may again be sub- 
divided into holopneustic (2 thoracic and 
8 abdominal spiracles) , peripneustic (1 tho- 
racic and 8 abdominal) and hemipneustic 
(1 thoracic and 7 abdominal), (ii) Oligop- 
neustic. Here, cither one or two pairs of spira- 
cles arc functional. Jt includes divisions 
like amphipneustic ( 1 pair of thoracic and 1 
pair of post abdominal) , metapneustic ( 1 pair 
of post abdominal) and propneustic (1 pair 
of thoracic), (Hi) Apneustic. No spiracle is 
present in functional state, (c) Mechanism 
of tracheal respiration. The movement of 
trachea is facilitated by the alternate con- 
traction and relaxation of the body scleri- 
tes. In bed bugs, rigid and convex sternum 
does not take part in the respiratory 
movement, which is done only by the 
elastic tergum. In cockroaches die tergum 
and sternum of the segments are separated 
by intersegmental membrane which bulges 
out during respiration. ( d ) Modifications of 
the tracheae. In Onychophora, the irregu- 
lar tracheal pits open to the unbranched 
tracheal system. In most Gollembola, the 
tracheae are absent and the respiration is 
largely cutaneous. In Modules, segmental 
tracheae originate from spiracles but do 
not have trunks. In the larva of Musca , 
dorsal longitudinal trunk is provided with 
one pair of anterior and one pair of pos- 
terior apertures. In the larvae of mosquito, 
a single spiracle is connected to the dorsal 
trunk. In the Myriapods, stigmata open 
within air chamber from where large 
numbers of tracheae are given off. The 



486 


BIOLOGY OF ANIMALS 


other peculiar features of this group are 
that in Diplopoda the tracheae are 
branched and in Symphyla only two 
tracheae are present on the head. The only 
land living Crustacea, wood lice, have 
pseudotracheae. These are formed by nume- 
rous minute tube-like structures which 
traverse the pleopods. 

Other devices of aerial respiration 

(1) Lungs: In the Crustacea, Birgus , the 
upper part of the gill chamber is separated 
from the rest and forms a closed chamber 
within which vascular tufts project. 

(2) Book lungs: The book lungs are best 
seen in Scorpionids. These are blind sacs 
which originate from the evaginations of 
opisthosorna. These are regarded as the 
modified abdominal appendages. Within 
die sac the inner lining is raised into 
numerous delicate folds, like the leaves of 
a book. These folds are richly vascularised 
and thus respiration in Scorpionids is 
circulation dependent. Each book lung 
communicates to the exterior by a stigma. 

(3) Anal respiration: Many crustaceans 
perform rhythmical contractions of intes- 
tine — taking in and expelling out water. 
Such anal respiration is common in lower 
crustaceans and is especially noticeable in 
Cyclops. 

(4) Miscellaneous devices: A combination 
of book lung with trachea is seen in spiders. 
Some aquatic members . of Collcoptera 
and Hemiptera, while diving inside the 
water, carry air with them for respiration. 
In mosquito larvae, a long siphon draws 
air from the surface of the water. 


EXCRETORY SYSTEM 

This system is concerned with the re- 
moval of metabolic wastes which include 
various nitrogenous substances and water. 
Various organs are found in arthropoda 
which are excretory in function (Fig. 
16.124). These organs ar c —ncphridia, coxal 
gland , green gland , shell gland and Malpighian 
tubules. Excepting the last, the other organs 
are modified coelomoducts. In addition to 
these, there are a few more organs which 
are also excretory, (i) Nephrldia. These 
are present in the Pcripatus and are situat- 
ed on the lateral side of the segmented 
body cavity. Number of these paired 
organs correspond to the number of the 
segments of the trunk. Each nephridiuin 
consists of a terminal vesicle which opens 
to the exterior through one end and re- 
mains connected to a coiled loop with the 
other. This loop is known as nephridial 
canal and it opens inside the body cavity. 
Its internal lining is ciliated, (ii) Coxal 
glands. These glands are present only in 
Arachnida and their structures and posi- 
tions vary (see Table (3 — Arthropoda). 
Each coxal gland consists of convoluted 
tubules, called labyrinth and a sac called 
labyrinth sac. It opens externally by a short 
tube. (Hi) Green gland. It is also known as 
the antennary gland. It is found in 
Malacostraca (excepting Isopods) and 
larval forms of all Crustaceans, specially in 
Entomostracan larvae. It is present in the 
proximal segment of the second antenna or 
adjoining regions of the head. Each gland 
has three parts end sac, labyrinth and 
bladder. The labyrinth is the proper 
excretory gland. 


Table 6 — Arthropoda 


Structure and position of coxal glands in arachnids 


EXAMPLES 

POSITION 

LABYRINTH SAC 

LABYRINTH 

EXIT 

Solifugae 

2nd or 3rd 
segment. 

Short. 

I 

Very extensively 
coiled. 1 

On pedi- 
palpi. 

Amblypygi 
and Uropygi 

3rd segment. 

j 

Much coiled bet-: 
ween 5th and 6 th 

1st leg. 

Scorpipnidae 

5th segment. 


segments. 

Do. 

3rd leg. 

Araneida 

3rd &; 6th 



1st & 3rd 

Palpigradi 

segments. 
2nd seg- 
ment. 

Very long, extends 
up to 8th segment. 

Short and sac-like. 

legs. 

On pedi- 
palpi. 
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Fig. 16.124. Excretory structures of a few arthropods. A. Maxillary gland of Estheria (Gfustacca). 
B. Antennal gland of Estheria larva (Crustacea). C. Intestinal caeca of Squill a (Crustacea). D. Neph- 
ridium of Peripatus (On^chophorc). E. Malpighian tubules of Xy phi (hi a (Insect). F. Green gland ol 
Aslacus (Crustacea). G. Malpighian tubules of Stilofiyga (Insect). H. Shell gland of Triops (Crusta- 
cea). I. Malpighian tubules of scorpion (Arachnida). J. Malpighian tubules of Mole cricket (Insect). 
K. Malpighian tubules of Lithohius (Myriapod). L. Coxal gland of scorpion (Arachnid). M. Malpi- 
ghian tubules and stercoral pocket of spider (Arachnida). N. L. S. of insect gut to show the junction 
of Malpighian tubules and gut. O. Malpighian tubules in Amphipoda (Crustacea). 
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(w) Shell glands. These glands are also 
known as maxillary glands and are pre- 
sent in the coxopodites of second inaxillae 
in Branchiopoda, Ostracoda, Copepoda, 
Cirripcdia and larval forms of all 
Crustaceans. (v) Malpighian tubules. 
These are long filamentous bodies with 
or without lumen and are made up 
of ciliated or cubical epithelium. These 
tubules usually originate from the region 
of the gut which denotes the beginning 
of hind gut. Among the Crustaceans, the 
Amplupods possess one pair of tubules 
which originate as diverticula of the 
alimentary canal. In lnsecta these are 
ectodermal in origin and the number 
vary from 2 to 150. Malpighian tubules 
are absent in Collembola and Aphids. 
Two to four pairs of tubules are found 
in Myriapods and Arachnids and in 
the later the tubules are endodermal in 
origin. ( vi ) Hepatopancreas. In Limulus , 
absorptive cells are present in the 
hepatopancreas. These cells shed large 
amount of calcium phosphate as excre- 
tory product into the intestine through 
which it is eliminated along with faeces. 
(vii) Fat body. In lnsecta, Myriapoda 
and Onychophora, the fat bodies are 
made up of polygonal cells. The cells, as 
they grow old, become filled up with 
minute urate crystals, (viii) Exoskeleton. In 
Crustaceans and Insects, the cells of the 
hypodermis secrete nitrogenous substances 
which remain deposited within the exo- 
skeleton. These are eliminated at the time 
of eedysis. (ix) Intestinal caeca. In 
Squilla , the rectum bears a pair of intes- 
tinal caeca having a comb-like internal 
wall. These are believed to be excretory in 
function. (*) Mid gut epithelium. In 
Nauplius larvae of Crustacea, the cells 
surrounding the mid gut carry out excre- 
tory function, (x'i) Pericardial cells. In 
Insects some cells around the heart and 
the pericardial membrane are excretory 
in function, (xii) Nephrocy tea. These are 
migratory cells, present in groups within 
the haemococl of insects. These are regard- 
ed as modified fat body cells, (xiii) Oeno- 
cytes. In Insects and Myriapods, certain 
cells are found in groups around the abdo- 
minal spiracles. These cells originate from 
surface epithelium and are believed to be 
both excretory and circulatory in func- 
tions. 

The excretory system is well -developed 


in land-living arthropods, which are con- 
cerned with the problem of water loss. In 
them the excretory organs work in such a 
way that very little water is lost from the 
body. 

CIRCULATORY SYSTEM 

The circulatory system is primarily con- 
cerned with the distribution of metabolic 
substances and respiratory gases. In all 
Arthropods, excepting Insects, the circula- 
tory system performs this dual role. In 
Insects, the circulatory system is free from 
the burden of carrying respiratory gases. 
This system includes, bloody blood vessels 
and a pumping organ, the heart . The circu- 
latory system in Arthropods shows a trend 
of transition from primitive ness to specia- 
lisation. 

Blood. In Crustaceans, the blood con- 
tains a fluid part, plasma and a few colour- 
less amoeboid cells. A copper-containing 
pigment haernocyanin is present in the 
plasma of Decapods to render a blue 
colour to the blood. In Crustaceans like 
Triops , and Cypris , the colouring pigment 
is haemoglobin which makes the colour of 
their blood red. Among the Myriapods, 
the Chilopods have colourless blood and 
in Lithobius the blood is violet. In Insects, 
the blood is usually colourless. In leaf 
eating Insects, the blood is green and in 
some other forms it may be brownish or 
yellowish. In Chironomous larvae, the 
blood is red. In Arachnids, the presence 
of haemoglobin in blood plasma has given 
red colour to the blood. 

Blood vessels. In general, the blood 
flows through coclomic spaces called 
haemocoel, but in addition there are ves- 
sels with definite walls in Crustacea and 
others. Such vessels are called the arteries. 
In Arachriida, there are both arteries and 
veins with definite walls. 

Heart. Certain Arthropods, like Cirri- 
peds, Ostracods, Copepods afid Pauropods 
do not possess any heart. When present, the 
heart is always dorsal. The primitive heart 
is tubular and extends alorig the entire 
length of the body. In other forms various 
types of shortening, thickening and com- 
paitmentalisation are noted. Among the 
Crustaceans, the primitive type of elon- 
gated tubular heart is noted in Branchio- 
poda and Anostraca. In each segment it 
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communicates through a pair of ostia. 
More or less similar condition is seen in 
Leptostraca, Stomatopoda, Isopoda and 
Amphipoda. The heart is short and sac- 
like in Gladocera and Decapoda and it 
has only a few pairs of ostia. In Myriapoda, 
the elongated tubular heart is internally 
divided into several chambers. In Scolo- 
pendra , it is enclosed within a cardiac 
diaphragm. The wall of the diaphragm is 
attached with the body wall and special 
sets of muscle called ciliary muscle remain 
associated with it. In Insecta, the tubular 
heart is generally confined to the abdomen 
but in many instances it extends up to the 
thorax. The inner chambers of the heart 
are interconnected by openings which are 
guarded by valves. The heart opens into 
the pericardial cavity by several ostia and 
the wall of the heart remains attached 
with the body wall by all ary muscles. In 
Arachnida, the length of heart and the 
number of chambers vary. For example, 
the heart of scorpion has seven chambers 
and the spiciei possesses only three. In 
Xiphossurids, the heart has eight chambers. 

NERVOUS SYSTEM 

The nervous system includes -(a) Central 
nervous system , (b) Peripheral nervous system 
and (c) Sense organs. Some higher Crusta- 
ceans and Insects, possess a sympathetic nerve 
cord which begins from the central nervous 
system and extends along the wall of the 
alimentary canal. In spite of tremendous 
diversity, the nervous system in Arthropoda 
is built up on a basic plan which includes 
a pair of ganglia per metamere. These 
ganglia are interconnected by nerve cords 
and peripheral nerves arc given out to the 
particular segment. This basic plan has 
been modified in various Arthropods, 
according to the modification of their body 
and in many instances fusion of the ganglia 
have taken place (Fig. 16.125). 

Central and Peripheral nervous sys- 
tems. Within Crustacea, the Branchio- 
pods exhibit primitive type of nervous sys- 
tem which resembles that of Annelids. Here 
brain is formed by the fusion of two 
pairs of ganglia representing the seg- 
ments bearing eyes and antennules 
respectively. These two pairs are known 
as protocerebrum and deuterocerebrum, From 
brain arises paired circum oesophageal connec- 
tives which come in contact with paired 
ventral nerve cords. The nerve cords run 


posteriorly and carry a pair of ganglia in 
each segment. The anteriormost pair of 
ganglia is known as suboesophageal ganglia . 
But in other Crustaceans the ganglia of the 
antennal segment also fuse with the brain 
and form its third lobe called tritocerebrum. 
In some Crustacea, paired ganglia of each 
segment are fused, in others the ventral 
nerve cord is reduced. In the case of prawn, 
the ganglia of the thoracic segments are 
fused to form a single ganglionic mass and 
in crab ( Carcinus ) entire ventral nerve cord 
is fused. Its segmental ganglia are united 
to form a large ventral ganglionated mass. 
Similar reduction is also seen in Cirripeds. 
Such reduction in Cirripeds is possibly due 
to their parasitic existence. 

In Myriapods, the ventral nerve cord 
exhibits its double nature and this is dis- 
tinct specially among the Chilopods. Three 
ganglia on the ventral nerve cord corres- 
ponding to the first three trunk segments 
unite to form a sub- or mfr a- oesophageal 
mass. 

In Insects, the usual pattern is that, 
after subocsophagcal mass, each segment 
of the thorax and abdomen has a pair of 
ganglia on the ventral nerve cord. But in 
Nepa and Acanthia , the first thoracic gang- 
lia are fused with the suboesophageal. 
In Gyrinus , all the abdominal ganglia 
arc fused and in Lachnoslerna the abdo- 
minal ganglia are fused with the ganglia 
of meso- and metathorax. The best ex- 
amples of condensation are seen in Diptera. 
In Sarcophaga , all the thoracic and abdo- 
minal ganglia are fused together. Such 
condensation includes even the subocso- 
phagcal ganglia in the parasitic Diptera, 
Pupipara. 

Among the Chelicerates the nervous 
system shows different grades of fusion. In 
Xiphosurids, suboesophageal ganglia re- 
main fused with the ganglia belonging to 
the segments second to eighth. The ventral 
nerve Cords bear four ganglia and the last 
ganglia are formed by the fusion of ganglia 
belonging to the last three segments. In 
Scorpionids, the thoracic ganglia are fused 
with the suboesophageal ganglionic mass 
but most of the abdominal ganglia are 
distinct. In Araneida, all the ganglia are 
fused into a mass, which is pierced by the 
oesophagus. 

Sense organs. The possession of well- 
developed sense organs has played impor- 
tant role in the success of arthropods. 
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Fig. 16.125. Nervous system of a few arthropods. Note that in peripatus. ventral neive cords arc 
completely separated. Among the Crustaceans in Asellus , the ventral nerve cords and their segmented 
ganglia are separate in the major part of the l»ody, but in As locus and Palaemon two nerve cords and the 
segmented ganglia are fused. In Palaemon thoracic ganglia are fused to form a compact mass. InCarcinus. 
such a mass is formed by the fusion of both thorac ic and abdominal ganglia. Among the Insects only the 
termites exhibit least shortened nerve cord but others exhibit different trend of shortening. The climax 
is seen in Musca and Sarcophaga where bodi the thoracic and abdominal ganglia are fused to form a 
ganglionic mass. 
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Starting from setae and bristles there are 
extremely specialised sense organs like 
compound eyes (Fig. 16.126) to act as 
ports of entry of different stimuli. 

Crustacean sense organs. The impor- 
tant sense organs are eyes, statocysts and 
olfactory setae . In addition , there are various 
sensory hairs and bristles, (i) Eye. The eye 
may be single or paired. In Ostracoda, 
single median eye is placed on the anterior 
end. Similar median eyes on the dorsal 
side arc seen in free-swimming Copcpods. 
The eyes are absent in parasitic Gopepods 
and degenerated in Cirripedia and Rhizo- 
cephala. 1 he paired eyes are generally 
mounted on stalks but mav be sessile as 


organs or statocysts are present in the 
antennule. In Mysidacea, the balancing 
organs are present in the uropods. In the 
land-living Crustaceans (including true 
crabs and hermit crabs), the statocysts are 
also responsible for receiving vibrations. 
(iii) Olfactory setae. These setae work for 
receiving smell and arc distributed over 
the antennae. 

Myriapod sense organs. The sense 
organs are generally seen as sensory hairs , 
eyes and other specialised organs. ( a ) Sensory 
hairs. These hairs either remain scattered 
all over the body or are found, in specialised 
groups, in certain regions of the body. In 
Pauropoda, five pairs of tactile hairs are 



Compound eye of Palaemon. C. An ommatidium of the lateral eye of Limulus. D. Lateral eye of scorpion. 
E. A typical insect eye. 


in Gumacia, Tanaidacea and Amphipoda. 
In many Branchiopods, the eyes remain 
within a fold of epidermis. The eye stalk 
is usually jointed but in many Branchio- 
pods the stalk is unjoin ted. In Cladocera , 
the paired eyes are fused. The unpaired 
median eye is known as nauplius eye and 
is simple in design. R*it the compound eye 
contains numerous visual elements called 
ommatidia (sing, ommatidium). The struc- 
ture of an ommatidium is same as in 
prawn, (ii) Statocyst. The balancing 


arranged along the sides of the tergal 
plates of second to sixth segments. In bet- 
ween eyes and antennae of Diplopods, a 
small pit contains projectile hairs. Its 
gnathochilarium (formed by the fusion of 
antennae, maxillae and mandibles) carries 
tufts of sensory hairs. In Diplopoda, sen- 
sory hairs and sensory spines are seen in 
different parts of the tody, (b) Eye. Eyes 
are absent in Symphyla (excepting a few 
cases, where only one pair is present). An 
eye-like surface is visible in Pauropoda, 
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but true eye is not present. Several simple 
eyes are clumped together in Diplopoda. 
In others the eyes, when present, are usually 
simple. In Scutigera , a kind of pseudocom- 
pound eye is present, (c) Specialised sen- 
sory organs — (/) Globulus. It is present on 
the ventral branch of Pauropoda. (ii) 
Organs of Tomosvary. In Diplopoda, the 
head bears a pair of small projections. It 
is dressed externally with fine hairs and 
inside the projection, the hypodermal cells 
are provided with nerves to receive sounds. 
(in) Maxillary organs. The inner side of the 
base of the first maxilla possesses a pit with 
profuse lining of setae, (iv) Parapodia. In 
Symphyla, last ten pairs of legs have wart- 
like stumpy processes called parapodia. 
Each parapodium contains a sac having 
sensory function. 

Insect sense organs Following sense 
organs are usually seen in insects (i) Eyes, 
(ii) Olfactory organs , (Hi) Organs for touch and 
taste , (iv) Auditory organs and (v) Chordo tonal 
organs . 

(i) Eyes. The eyes of insects may be com- 
pound or simple. The compound eyes are 
without stalks and arc spread on the mar- 
ginal part of the head. Many subterranean 
insects are completely blind. The number 
of simple eyes vary widely. These are 
absent in Dermaptera and in some Hemip- 
tera. When present, the simple eyes are 
grouped along the sides of the head. 

(ii) Organs of smell. The tip of each 
antenna bears hairs which are embedded 
in pits and act as the sense organ for smell. 

(Hi) Organs for touch and taste. 

Numerous hairs with nerve connections 
protrude throughout the surface of the 
body for getting stimuli in the form of 
touch. Specially the hairs around palp 
serve dual functions of touch and taste. 
The hairs present around mouth parts arc 
probably for the function of taste. 

(iv) Organs for receiving sound. Some 
insects (male Culicids) have specialised 
hairs over the surface of the antennae for 
detecting sound. A special organ called 
tympanum is seen in several insects (in 
the anterior segments of Acridiidae, in 
anterior legs of Locustidae). This organ 
has a fluid-filled vesicle inside to act as 
membranous labyrinth. The organ has 
connections with nerves supplied from 
third thoracic ganglion. 


(v) Chordotonal organs. These speciali- 
sed sense organs are located in different 
part§, of the body specially in legs and 
abdomen. Each organ consists of a pack 
of sensory cells and accessory structures 
called scolopales. These may remain tightly 
stretched and attached on both the ends 
of hypodermis or only one end remains 
attached. They perform various functions 
which include regulation of leg movement 
(Proprioceptive organ ) and also reception of 
sound waves. 

Ghelicerate sense organs. Following 
sense organs are seen in different Cheli- 
ccrates — eyes, sensory setae , trichobothria , slit 
sense organs , frontal organs and pectines . 

(i) Eye. In Eurypteridac, the cephalo- 
thorax bears a pair of large eyes and a 
pair of small eyes. In Limulus , similar dis- 
position of eyes is marked but the median 
eyes are compound in nature. Scorpions 
have a pair of large centrally placed eyes 
on the cephalothorax and several pairs of 
small eyes along the anterolateral margin. 
The median eyes are intermediate between 
simple and compound eyes. Each eye has 
a single cuticular lens like that of a simple 
eye but retinal cells arc disposed like 
compound eyes. In the Pedipalpidia, two 
median eyes are large and six small eyes 
are placed along the margin. The arrange- 
ments of 6-8 simple eyes in spiders vary 
widely and serve as the criteria in classifica- 
tion. The Solifugae and Phalangida 
possess a pair of eyes on the head and the 
Acarids are without eyes. 

(ii) Sensory setae. All over the cuticle, 
specially on the masticating processes of 
tlie thoracic limbs, numerous hair-like 
structures are present. These setae are pro- 
vided with the branches of nerves and 
are sensory in function. (Hi) Trichoboth- 
rla. These flask-shaped sense organs with 
a mobile seta are arranged on each chela 
in different planes. These are responsible 
for determining air current, (in) Slit sense 
organs. "These slit-like sense \ organs are 
distributed all over the body, specially 
over the appendages. Each minute slit is 
covered by a membrane and? leads to a 
crevice. Inner end of the crevice leads to 
a membrane-lined tube which is internally 
supplied by numerous nerve fibres. These 
sense organs co-ordinate joint movement 
and work as vibration receptors, (v) Pec- 
tines. These specialised sense organs are 
found in Scorpion. Males with the help of 
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these sense organs detect suitable surface 
for depositing spermatophores and the 
females use these for collecting spermato- 
phores. tyi) Frontal organs. These speciali- 
sed sense organs in the form of hairy areas 
are seen in Xiphosurids. These organs act 
as photoreceptors in larva but their func- 
tion is not known in adult. 

REPRODUCTIVE SYSTEM 

The secret of success of the Arthropods 
as a phylum lies in its prolific rate of 
multiplication. This is done by efficient 
reproductive organs and effective repro- 
ductive behaviour. Majority of the arthro- 
pods arc unisexual. A good number of 
hermaphrodites arc seen in all the classes 
excepting Arachnida. Each reproductive 
duct is a modified coclomoduct and 
reproductive gland or gonad opens into 
it. The position of the reproductive organ 
varies as also the sites of reproductive 
openings. Majority of the arthropods arc 
oviparous ar>d it is curious enough that iri 
most of them there are certain devices 
for internal fertilization. Sonic forms of 
viviparity arc also seen, but only in 
Onychophoresj true viviparous condition 
is found. 

Modification of different classes 

Crustacea. Fo e- living Crustaceans are 
generally unisexual. But in Girripeds, para- 
sitic Isopods and in a few other species, 
hermaphroditism is encountered. Such her- 
maphrodites are called prolandrous because 
in them male reproductive organs appear 
first and then the female organs. Though 
males often possess well-developed appen- 
dages, yet generally they arc smaller in 
size than females. In some forms of para- 
sitic Crustaceans, males are extremely 
minute and cling to the body of the 
females. Such males are called complement al 
males . In many Crustaceans, males may 
have modified appendages to act as clasping 
or intromittent organs . The intromittent 
organs (structures for transferring sperms 
to the female body) may also be formed 
by the modification of the protrusible 
terminal part of the vasa deferentia. 

The reproductive organs in both the 
sexes are hollow and are usually united 
either completely or* incompletely above 
the alimentary canal. 

In all die Crustaceans (excepting Cirri- 
pedia, Malacostraca and some Cladocera) 


both the sexes have reproductive openings 
in the same segment. The genital aper- 
tures in most Crustaceans are placed near 
the posterior end of the thorax. Both in 
Girripeds and in some Cladocera the male 
apertures are terminal and the female 
opening in Girripeds is at the first thoracic 
segment. The sperm cells may be of varied 
f arms — Polyphemus ( Cl adocera) — amoe- 
boid; Gopepods — sausage-shaped; Deca- 
pods, Euphausids and Stornatopods — 
spherical and with rigid radial processes; 
Isopods and Amphipods — thread-like; 
Os tracods —sperms arc many times larger 
than the body of the individual. 

Round eggs may have varied concentra- 
tions of yolk. Usually the female carries the 
eggs after fertilization through some 
devices but in some cases the eggs may 
remain uncared. 

Myriapod a. The reproductive organs 
are unpaired. In Centipeds, genital 
aperture is placed near the posteriormost 
end of the body. But in Millipeds the 
apertures are not far away from the 
head. Some Myriapods protect their eggs 
up to certain period after laying. 

Insecta. All insects are unisexual ex- 
cepting leery a purchasi , which is hermap- 
hrodite and practises self-fertilization. 

The testes are generally small, paired and 
sometimes follicular. Number of follicles 
vary from one in Diptera to many in 
Orthuptera. A duct called the vas efferent. 
connects the follicles. Thread-like sperms 
are usually packed as spermatophores. 

The ov r iry is made up of ovarioles. The 
number of ovarioles is usually six to 
eight, but in female l’er mite it is 1500, in 
queen bee several hundreds, but in Tsetse 
lly only one. 

Usually two oviducts unite to form 
a single duct but in Ephcmidae and 
Lcpisma , two oviducts open separately. 

The genital openings are placed in the 
ninth and tenth abdominal segments and 
have in many cases copula tory structures. 

The egg is usually la^dcn with yolk, 
excepting parasitic Hymcnoptera and has 
a covering of vitelline membrane and rigid 
chorion. Several openings are present on 
the chorion for spcrmY-ntrance. Copulation 
usually takes place long before fertilization 
and sperms are kept within the sperma- 
thccae of the female body. Fertilization 
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occurs at the time of egg laying and thus 
is under voluntary control of the female. 
For the laying of eggs many insects are 
provided with special structures which 
are generally used for digging. 

The number of eggs laid vary in 
different insects. Termites, ants and bees 
lay a few thousands of eggs at a time. 
But in Tsetse lly, one egg is released 
every 9 10 days. Here fertilization and 
major part of the development take place 
within a special chamber called ‘uterus'. 
Many insects lay their eggs directly within 
the body of some other insects. 

Chf.lioerate. Excepting spiders and 
certain mites, no sexual dimorphism is 
noted in Arachnida. In Scorpion both the 
processes, fertilization and development 
are internal and some form of courtship is 
noted. The eggs are small and are without 
yolk. Similar viviparous developments arc 
also noted in Pedipalpi and mites. 

In Limulus fertilization is external and 
occurs on land. 

In Aran ei da, in both the sexes the open- 
ings are present on the middle line of the 
epigastric furrow. A special structure, 
called epigynum is associated with the 
genital opening of the female. The cpigv- 
nurn is simplest in Pirata and modified for 
egg laying in Aranaea cingulate. Male Ara- 
neids have pcdipalps modified to act as 
intromittent organs. In females, a single 
oviduct connects both the ovaries. In both 
the sexes of Chelicerates, single genital 
opening serves as the outlet, except in 
Limulus where it is paired. 

LIFE HISTORY 

Though sexual reproduction is a pre- 
requisite for the initiation of development 
in Arthropods yet instances of partheno- 
genesis are plenty. Among the Crus taceans, 
Branchiopoda and Ostracoda usually 
develop partheuogenetically. In Triops, 
sexual reproduction is restricted only at 
a particular time of the year and during 
the rest of the time development takes 
place parthenogenetically. Among the 
Insects parthenogenesis is common in 
aphids and certain members of Hymenop- 
tera. The common black wasp usually 
develops parthenogenetically, because 
male varieties arc extremely rare in 
nature. The larvae of a Dipteran insect, 


Miaster can produce eggs which develop 
parthenogene tically . 

Usually one embryo develops from one 
egg but in parasitic Hymcnoptera belong- 
ing to the family Chlacididae, one egg splits 
into several hundred bits, each of which 
forms a complete embryo. This phenome- 
non of polyembryony is extremely interesting 
from the point of view of embryology, be- 
cause it results in the production of iden- 
tical twins (here, of course, identical hun- 
dreds) having similar genetic make-up. 

A general survey of life history in the 
different groups of Arthropods reveals the 
existence of three categories of develop- 
ment: 

(1) Direct development. From the egg 
hatches out an individual, which resembles 
the adult in all respects except the size. 

(2) Incomplete metamorphosis . The young 
resembles the adult but many adult struc- 
tures are lacking. Such structures appear 
later in course of further development. 

(3) Complete metamorphosis . The young 
which comes out of the egg has no sem- 
blance with the adult and it lives an inde- 
pendent and completely different sort of 
life. From this condition it: passes usually 
into a stationary phase and from it emerges 
the adult. The details of these three cate- 
gories of development will be discussed 
separately in the different classes of 
Arthropoda. 

Crustacea. The metamorphosis is 
usually complete in Crustacea. The young 
one which comes out of the egg is called a 
larva . It usually passes through an indepen- 
dent life and subsequently transforms into 
an adult. In certain Crustaceans, e.g. 
Palaemon , Argulus , larva does not come out 
of the egg. Thus transformation occurs in- 
ternally and a young resembling the adult 
is hatched out. Within the class Crusta- 
cea, variety of larval fori res (figs. 16.127 
and 16.126) are seen and in many groups 
one type of larva transforms into another 
type and finally becomes the afclult. 

Different types of Crustacean larvae 

Nauplius larva. The free- swimming larva 
is oval and the body is divisible into three 
regions — head , trunk and anal region. A 
median frontal eye is present in the head 
region. Three pairs of appendages are 
present, of which the first pair are unjointed 
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and present in the iiead region. It de- The remaining two pairs are biranious 
velops into the antermulc of the adnlt. and are present in the trunk region. The 



Pig. 16.127. Larval stages of Crustacea. Arrows illustrate the recapitulation during the develop- 
ment of six Crustaceans. Arrow indicates larval stage (shown in left) through which the indivi- 
dual passes during development. The white region in arrow denotes missing stage, shaded area 
represents stage inside the egg and black area indicates free-swimming stage. 
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Fig. 10.128. A few larval stages of Crustacea. 

first pair of trunk appendages which MetanaupUus larva. The oval body is 
act as locomotor organs in larvae, trans- divided into cephalothorax and rudi- 
form into antennae and the second pair merits of abdomen. Presence of a fourth 

become the mandibles of the adult. pair of appendages (first maxilla of the 

Mouth is present in between the two trunk adult) in addition to the original three 

appendages and is enclosed by a promi- pairs of the Nauplius is observed. Two 

nent labrum. Alimentary canal is straight truncated processes at the posterior end 
and terminates at the posteriormost end of are present. This stage is jseen in Triops 
the anal segment through the anus. (Branchiopoda) and Penfyeus (Malaco- 

In all Crustaceans the nauplius is the straca). r 

first larval stage of development. But its Cypris larva. Body is enclosed in a bivalve 
appearance varies in different forms. In shell. A median and two compound eyes 
Gladocera, nauplius stage appears inside arc present. Anterior antennae are four- 
the egg. In Ostracoda nauplius, a pair of jointed and each bears a characteristic 
bivaived shells and uniramous appendages disc. Posterior antennae are absent. Six 
are present. In the Cirripedia, a number pairs of biramous thoracic appendages are 
of spines are present in the nauplius. Ali- present. Short abdomen ends in a caudal 
mentary canal is absent in Sacculina naup- fork. It occurs in Sacculina and barnacles 
lius. In Isopoda, nauplius is maggot-like. (Cirripedia). 
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Protozoea larva. First antenna is four- 
jointed. Second antenna is with three- 
joiuted endopodite and four-jointed exo- 
podite. Mandibles arc palpless, toothed 
and masticatory in function. Two anterior 
pairs of maxillipeds are biramous. Abdo- 
men is incompletely segmented. Impress- 
ions of paired eyes are visible. It is found 
in Penaeus. 

Zoea larva. Body is divided into distinct 
ccphalothorax and segmented abdomen. 
Compound eyes arc prominent and 
stalked. Head bears a dorsal, a frontal and 
two lateral spines. Limbless abdomen is 
with six segments including a telson. Seven 
pairs of cephalothoracic appendages are 
present. This stage appears in Penaeus 
and crabs (Malacostraca). In Euphausia 
corresponding stage is Calxptopis. 

Mysis larva. Body is divisible into ccpha- 
lothorax and six-segmented abdomen with 
a telson. Biramous thoracic appendages 
are present. Presence of a pair of stalked 
compound eve.', ;•> encountered. It appears 
during development in Penaeus. 

Metazoea larva. Body is divisible.* into 
ccphalothorax and abdomen. The abdo- 
men lias a pair of telsons. Thoracic limbs 
are well-developed. Abdomen is with bi- 
ramous pleopods. This stage is distinct in 
the life history of Cnrystes (Malacostraca). 

Megalopa larva. Cep halo thorax is well- 
developed. Large stalked eyes are distinct- 
ly visible. Thorax is with five pairs of 
walking legs. Functional swimmerets are 
present ori the abdomen. It is commonly 
seen in the development of crabs (Mala- 
costraca) . 

Kentrogen larva. Body is sac-like and 
elongated. Undilferentiated mass of cells 
is present inside the body. It is seen 
in the parasitic form like Saeculina (Cirri- 
pedia). 

Epicaridian larva. Two pairs ol antennae 
are prominent. A pair of frontal processes 
and a pair of mandibles are present. Pre- 
sence of six pairs of limbs in the thorax. 
Abdomen includes six pairs of biramous 
pleopods. This larva transforms into 
Cryptoniscas larva. It occurs in parasitic 
Isopods. 

Erichthus larva. Bo3y is divisible into 
ccphalothorax and abdomen. Anterior 
thoracic limbs (3 pairs) are reduced. It is 
found in some Stomatopods (Malacos- 
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traca). The Erie thus arises from Ericthoidina 
larva. 

Alima larva. B )dv is more or less like 
Zoea and Erichthus. Body parts arc in 
degenerated condition. It is seen in Squilla 
( Malacostraca) . 

Phyllosoma larva. Body is more or less 
mysis- like. Transparent body has a round 
head and leaf-like flattened thorax with 
biramous appendages. 'The abdomen is 
short and narrow. 'This appears in Seyllarus 
and Palinurus /'Malacostraca). 

Sequences of larval appearance 

In Branchiopoda, Cladocera, Ostracoda 
and Coprpoda only naup/ius larva appears. 
But in Cirri pedia, nauplius stage is 
loll owed by cypris stage which transforms 
into an adult. In the Saeculina , after cypris 
another stage called kentrogen stage appears. 
In Euphausia , nauplius metamorphoses into 
protozoea and calyplopis before passing into 
the adult. In Penaeus , larvae pass through 
nauplius , protozoea . zoea and mysis stages, be- 
fore becoming an adult. In the crabs, after 
certain transformations within the egg, the 
larva is hatched as zoea which changes 
into megalopa stage and then becomes an 
adult. In Palinurus , tlxe larva hatches out 
in a modified mysis stage which is called 
phyllosoma larva. 

Significance of crustacean larvae 

It is evident that primitive crustaceans 
pass only through nauplius srage. More 
evolved Crustaceans begin with nauplius 
but pass through several larval stages in 
their life cycle, all of which resemble the 
primitive adult Crustaceans, i.e. cypris, 
mysis , etc. Such advanced Crustaceans are 
met within the Malacostraca. 'The progres- 
sive trend in the appearance of appen- 
dages, eye, segmentation and other struc- 
tural organisations speaks of a distinct 
line of evolution in Crustacea. Titus, in 
spite of various limitations, it can be 

a ted clearly from the life histories of 
Crustaceans that an individual in course 
of its development passes ^through stages 
which resemble larva of the forms which 
appeared during its evolution. This gene- 
ralisation which was first made by Haeckel, 
through the studies of developmental 
changes in various invertebrate and verte- 
brate animals, is known as biogenetic law 
or recapitulation theory. 
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Myriapoda. The larvae which hatch 
out, are in different morphological states in 
different groups. Pauropod and Diplopod 
larvae possess three legs. In J ulus (Diplo- 
poda), a pupa-like stage is present between 
the larvae and the adult. Within Chilopo- 
da, in some forms {Scutigcra and Lithobius ), 
the larvae possess seven pairs of legs and 
reduced number of ocelli arid antennal 
joints, but in others (Scolopendra and Geo- 
philus) the larvae appear with full set of 
appendages. 

Thus in all the Myriapods, larvae hatch 
out with all the adult structures which 
remain either incomplete or rudimentary. 
In course of transformation from larva to 
an adult, the complete appearance of these 
structures and establishment of sexual 
maturity occur. This type of transforma- 
tion is called anamorphosis. 

Insecta. All the three types of develop- 
ment (direct, incomplete and complete) 
are seen within the insects. 

The direct development is seen in 
primitive insects like Lepisma where the 
young, which comes out of the egg, resem- 
bles the adult in all respects. It grows 
only in size by replacing its old skin 
through a process called moulting. 

The indirect metamorphosis is seen in 
less primitive forms like cockroaches and 
grasshoppers. Here the young which comes 
out of egg resembles the adult but many 
adult structures, i.c. wings, are lacking in 
them. These youngs are called nymphs. 
They lead an independent life and grow 
through several mot things. In many 
insects, e.g. Mayfly and Dragon fly, the 
nymphs are aquatic. When these nymphs 
are ready to be adult they come out of 
water and adult winged forms arc released. 
No further moulting takes place after the 
formation of wings, only exception is 
Mayfly where winged form comes out of 
aquatic nymph and rests on a tree to 
undergo another moulting to become an 
adult. Many insects live for longer period 
as nymphs and the adult stage is short, the 
chief purpose of which is multiplication. 
The best example is the Mayfly where 
adult stage lasts only for a day but nymphs 
take one year to grow. 

From the egg-nymph-adult cycle of 
incomplete metamorphosis, it is evident 
that insects which are advanced from the 
primitive Lepisma- like forms, have started 


to explore two types of environments. But 
success in such attempts is achieved in 
forms with complete metamorphosis. This 
climax of double life has been attained 
through a cycle of egg-larva-pupa- adult; 
larva existing in an altogether different 
environment than the adult. Nearly 87% 
of known insects develop through this 
cycle which involves two changes of form — 
one is from egg to caterpillar and the other, 
from caterpillar to pupa and the adult. 

In the forms with complete metamor- 
phosis, larva which comes out of egg, has 
no similarity with the adult. In the order 
Diptcra, the larva is worm-like and devoid 
of head and appendages. It is called maggot. 
In the case of beetle they are called grubs. 
In the Lcpidoptcra, the larva is known as 
Caterpillar , which possesses a distinct head 
without eyes, numerous legs, biting mouth 
parts and thus completely disagrees with 
the adult. The caterpillars are often with 
protective colour or defensively shaped. 
These larvae cat voraciously and after some 
time arc transformed into a stage called 
pupa. Pupa is usually immobile and remain 
placed within a covering but in the case of 
insects like mosquito, the pupa is very 
active. After a period of pupal existence, 
the young insect emerges out by breaking 
or dissolving the pupal case. 

The independent larval forms thus ex- 
plore a new environment and through 
voracious eating accumulate energy for 
the use of the adult. Also through their 
defensive structures, the caterpillars can 
win over many enemies and thus prolong 
their longevity. 

In recent years considerable amount of 
work has been done to understand these 
events of metamorphosis. It has been found 
that at the time of early development, in 
the developing egg the cells are segregated 
in two groups -one group for working at 
the larval life and the second group to 
take charge during pupaf and adult life. 
In a growing larva, the; larval cells in- 
crease only in size but nevipr undergo divi- 
sion. The second group , of cells called 
imaginal buds remain inactive in the body 
of larva. When the larva is full-grown, 
second group of cells take over the 
charge. Within the apparently inactive 
pupa tremendous activities go on at cellu- 
lar level. Imaginal buds grow by division. 
I he larval cells die and are used up by the 
imaginal cells. In certain insects, within 
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larva, pupal cells become lluid in consis- 
tency and imaginal celLs continue to form 
adult structures. It has also been determin- 
ed that a pair of glands along the sides of 
the brain, known as corpora allata secretes a 
hormone called juvenile hormone to keep 
the larval cells active. But after a certain 
period second wave of hormone sets the 
production of another hormone from 
future thoracic region which on one hand 
instructs to stop the flow of juvenile hor- 
mone and on the other hand triggers the 
imaginal buds to be active. The absence of 
juvenile hormone causes the death of 
larval cells and they are used as nutrients 
for the growing imaginal buds. It has been 
determined that the process of moulting is 
also under hormonal control. 

Cheligerate 

The development is direct in Pedipalpi, 
Scorpion, Spider, Pseudoscorpions and 
Plialangida. In the last group, the 
young resernbT the adult, but is white 
in colour. In Scorpion, development 
is internal and in Solifugi the internal 
development continues only up to the 
certain period. 

Tn the Pentapods, young possesses only 
three pairs of appendages. Linmlus larvae 
also possess three pairs of abdominal 
appendages for swimming and resemble 
the Trilobites. At this stage, the caudal 
spine remains absent. A number of moul- 
ting result into the coming out of the 
adult form. 

The instances of complete metamorpho- 
sis are seen in mites. Here definite larval 
and pupal stages appear. The pupal stage 
is also known as hypopial stage. 

WHY STUDY ARTHROPODA? 

A student of Zoology must study arthro- 
pods for his academic interest and also for 
the applied importance of the group. 

• Academic interest. Arthropods are many 
and they inhabit all sorts of environment. 
The study of these animals therefore can 
help the student to understand — What are 
the requirements of each kind of environ- 
ment and how can a living organism deve- 
lop structural features tq adjust with each 
way of life ? 

The long history of these animals on the 
earth, specially the study of forms like 
Peripatus and Limulus provide an excellent 
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opportunity to understand the process 
of evolution. Variation which is considered 
as the essential theme of life, may be 
well studied from insects specially butter- 
flies, moths and beetles. Our understand- 
ings of ecological niches, interdependence 
of living organisms and biological 
rhythm have largely come from the study 
of Arthropods. Recent developments of 
genetics and embryology are largely based 
on the work done on Arthropods like 
Drosophila and Ghironomous larvae. To 
summarise, it may be said that the study 
of Arthropoda is essential to understand 
taxonomy, evolution, embryology, ecology 
and genetics. 

Applied interest. No other phylum is so 
much associated with the human life as 
the Arthropods. Numerous members of 
the group are considered injurious and 
many are beneficial to man to such an 
extent that it is assumed that if all the 
Arthropods are eliminated from earth the 
human population will also be destroyed. 

Injurious Arthropods. The injurious 
Arthropods fall in two categories-- -(a) 
which destroy crop plants, damage stored 
foods and other goods, (b) which affects 
man and bis domestic animals causing 
injury either directly or by transmitting 
germs of various diseases. 

(a) Arthropods which damage crop plants and 

stored articles. 

A large number of Myriapods, Insects and 
Arachnids eat on plant parts on which man 
is interested. These are commonly called 
pests. The well-known pests of paddy are 
Spodoptera mauritia , Heliothis armigera , Agro- 
fis ypsilon , Cirphis albistigma , PsalL r securis , 
Nymphula depunctalis , Melanitis istnene , Sc ho- 
enobias incertellus (all belonging to the 
Lcpidoptera) , Hispa armigera (Goleoptera), 
Leptocorisa acuta , Riper sia oryzae (both 
Hemiptera) and a few others from Dip- 
tera, Thysanoptera and Orthoptera. A 
large number of pests are also known in 
wneat ( Sesamia infer ens, Agrotis ypsilon , 
Toxoptera graminum ), in Sugarcane (several 
members of the group LejBHoptera, e.g. 
Argyria sticticraspis , Dialroea venafbta , diff- 
erent Isoptera, e.g. OdontoJennes obesus and 
the Hemipteran insect, Pyrilla perpusilla ) , in 
tea plants ( Helopcltes tkeiovora of Hemiptera), 
in jute plants (two members of Lepidop- 
tera, Anotnis sabulifora and Dicrasia obliqua 
and a Goleopteran insect Apion corchoris ) 
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and iii cotton (several Lepidoptera like 
Earias fabia , Platydera gassy pie lla y Sylepta 
derogata , two Golcoptcran insects, Pemp - 
he res affinis and Sphenaptera gossypii and one 
Hemiptera, Dysdercus cingulatus ) . 

The stored food grains are commonly 
affected by insects like Calandra oryzae , 
Tribolium castaneum , Rhizopertha dominica 
and Ephestia kuhniella. Several other insects 
like cockroaches, ants, beetles, several 
kinds of moths and termites damage stored 
foods and different articles like clothes, 
books and furniture. 

( b ) Arthropods which damage the health of man 

and his domestic animals. 

The arthropods may affect the health 
of man either by direct attack or by trans- 
mitting germs of various diseases. Such 
arthropods may be grouped into following 
categories --(7 ) Permancn t ectoparasites — 
Arthropods which spend entire or major 
part of their life cycle on the external sur- 
face of the host, e.g. Pediculus humanus 
(Anoplura, Insecta), Pulcx irrilans (Sipho- 
naptera, Insecta) , Demodex folliculorum 
(Acarida, Arachnida). (») Obligatory en- 
doparasites -Some arthropods pass only 
certain stages of its life cycle as endopara- 
sites, e.g. larval stages of insects belonging 
to the family Gastrophilidac and Oestridae 
(both Diptera). (iii) Temporary ectopara- 
sites — These arthropods attack man and 
domestic animals for food but live vC free- 
living life, e.g. Mosquito and other Dip- 
teran insects; Cirnex , Triatoma and Rhodinus 
(all Hemiptera) and the Arachnids belon- 
ging to the family Ixodidac (Acarida). 
iiv) Poisonous forms — Several Arthropods 
possess various structures for offence and 
defence. Such structures often cause consi- 
derable damage to man, e.g. Poison spine 
of spider (Arachnida). Sting of Honey bee, 
Wasps (Insecta), Hairs of Caterpillar 
(Lepidoptera, Insecta). ( v ) Transmitter of 
diseases— The transmission of diseases is 
caused either mechanically by different 
Arthropods or biologically by permanent 


and temporary ectoparasites. The best 
examples of mechanical transmission are 
house fly, cockroaches, spiders which 
contaminate foods or drinks by various 
germs. Typhoid, Cholera, etc. which are 
carried on the legs and other body parts. 
The diseases like Malaria. Sleeping sick- 
ness, Chagas disease and Bubonic plague 
are the results of biological transmission 
of germs by different insects. 

Beneficial Arth ropoj >s. Arthropods 
which arc beneficial have great commer- 
cial value. They serve as food, clothings 
and apparels, utilitive articles, pollinating 
agents and also agents for controlling 
injurious arthropods. The crustaceans like 
prawn, lobster, crab and shrimps arc 
regarded as delicious foods. A large number 
of Crustaceans which live as plankton serve 
as the food of fishes which, in turn are the 
foods of man. Numerous birds and also 
several mammals are insect eaters. Man 
gets honey from honey bee, silk from silk 
worm and lac from lac insects. Honey bees, 
Butterflies, Moths and several other insects 
are well-known pollinating agents and help 
in increased production of crops and 
other plant products. Numerous Insects, 
Arachnids, Diplopods are insect eaters and 
they serve us by destroying many injurious 
Insects and Arachnids. 

From our knowledge of arthropods we 
have learnt the handling of injurious and 
beneficial insects. Numerous chemicals 
like BHC (Ben/e ne hexachloi idc), DDT 
(Dichloro Diphenyl 1 richloroetha no) , 
TEPP (Tetraethyl pyrophosphate), Arse- 
nic. compounds and Carbon disulphide are 
in our hands to control the injurious forms. 
Several improved techniques are now 
known to increase both the quality and 
quan tity of Arthropod products like honey, 
shellac and silk. It has been realised that 
instead of indiscriminate use of insecticides 
it is necessary to rely more on biological 
controls. A number of problems arc still 
unsolved and require further investigation. 


SUMMARY 


1. Arthropods arc bilaterally symmetrical, meta- 
merically segmented and jointed-lcggcd animals. 
Each znetamere contains a pair of appendages and 
a pair of nerve ganglia and each metamerc is en- 
closed by following chitinous exoskelctal pieces — 
dorsal ter gum, ventral sternum and lateral pleurons. 
This structural plan has changed in different forms 


and various types of condensation, and reduction 
of me tame res arc noted. 

< 

2. Phylum Arthropoda includes largest number 
of animals which have occupied all possible habitats 
on. the earth. 

3. Arthropods arc primarily included under 
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following groups — Crustaceans. Myriapods, Insects. 
Xiphosurids and Arachnids. The Trilobites include 
a group of fossils, which represent primitive arthro- 
pods* The Crustaceans, Myriapods and Insects are 
considered as Mandibulatcs and the Xiphosurids 
and Arachnids are called Cheliceraics. The Ony- 
chophores, Tardigradcs and Pentastornids are the 
Arthropods having uncertain systematic position. 

4. The Crustaceans arc Arthropods having two 
pairs of antennae. All of them (excepting Oiiiscus') 
are aquatic. The well-known forms are prawn, 
crabs, hermit crab, Squilla } etc. The head or cepha- 
lic region is distinct and is united with at least some 
segments of thorax to form ceplialothorax. The 
cxoskeletal covering of ceplialothorax is known as 
carapace, which is hard in certain forms. In the 
primitive Crustaceans the thoracic appendages are 
all alike and are concerned with locomotion and 
food capture. But in advanced forms structural 
differentiation of appendages according to the 
function arc noted. The varied condensation cf 
me tame res in different groups have led to con- 
siderable modification of different systems and 
specially in nervo,,. ^vsiem. Most important sense 
organ is the eye, which is compound in nature. It is 
i^ually mounted on movable jointed stalk. Exo- 
skelcton contains calcareous deposits. Malpighian 
tubules are usually absent. Reproduction is sexual. 
All are oviparous. A number of larval forms are 
known. Parthenogenesis occurs in many Crustacea. 
Regeneration of certain parts are also seen. 

5. Myriapods have bodies differentiated into 
head and trunk. The trunk is not differentiated 
into a thorax and abdomen. Each trunk segment 
bears either one or two pairs of legs. Eyes are nor- 
mally simple. Respiration by simple trachea. Al- 
ways lives in humid places. Reproduction is sexual. 
Usually oviparous and development is direct. 

6. Insects constitute the largest group among the 
arthropods. The well-known examples are Cock- 
roaches, Grasshopper. Butterfly. Honey bee. 
Silk worm and Bed bug. Head, thorax and abdo- 
men are distinct. The head is well formed with a 
terminal mouth. Exoskeletal sutures of head are 
distinct. The cephalic appendages include one pair 
of antennae and mouth parts. Thorax has three 


segments — prothorax, mesothorax and mclatho- 
rax, eac h having a pair of legs as paired appen- 
dages. Usually two pairs of wings as non-appendi- 
cular structures arc present on the dorsal side of 
the thorax. Abdominal segments are often reduced 
by fusion. Some of the abdominal appendages have 
taken part in the formation of external genitalia. 
Adults usually do not possess paired abdominal 
appendages for locomotion. Nervous system exhi- 
bits varied types of condensation. Eyes arc com- 
pound and sessile. Simple eyes, when present, arc in 
degenerated state. Develop ment may be direct or 
accompanied by complete or incomplete meta- 
morphosis. Respiration is tracheal which in aqua- 
tic forms may be modified as gills. 

7. Xiphosurids include panchronic animals like 
Limulus . The ceplialothorax includes postoral 
appendages which are known as cheliccrac. pedi- 
palpi and walking legs. Antennae are absent. Abdo- 
men is small and movably artic ulated with ceplia- 
lothorax. A long pointed caudal style is present. 
Dorsal exoskeleton is thick and hard. Two types of 
eyes — simple and compound are present. Respira- 
tion is carried out by special respiratory organs 
called book gills. These animals arc effective 
diggers. Reproduction is sexual. Oviparous forms 
with definite ‘Trilobile* like larva. 

8. Arachnids arc chcliccrale arthropods, having 
a body adapted for life on land. It includes forms 
like Scorpion, Pseudoscorpions, Spiders, Dady long 
legs, Ticks and Mites. Body is divisible into ceplia- 
lothorax and abdomen. Mouth usually remains 
inside a pre-oral chamber. Only able to take liquid 
food. Respiratory organs in the form of hook lungs 
and tracheae. Usually oviparous or ovoviviparous. 
Development is usually direct. 

9. Peripatus exhibits organisation which has 
a few annelid features. Some characters resemble 
the arthropods but most features are unique to 
this group. It is considered as a living fossil. 

10. Arthropods arc important group of animals. 
Its study is essential for the very existence of man 
himself. It includes both injurious and beneficial 
forms and life of arthropods helps us to understand 
ni^uiy basic principles of Biology. 



CHAPTER 17 


Phylum Mollusca 

While moving on sea-beach one is struck by the abundance of varied and orna- 
mental shells of Molluscs (Fig. 17.1). Molluscs constitute a major group in the animal 
kingdom and as regards their number (about 100,000 living species) and varieties, 
they occupy a rank almost next to Arthropods. They arc distributed in all possible 
environments excepting aerial and exhibit many adaptive features. This chapter deals 
with the biology of a few typical representatives of the phylum and their adaptive 
features. 



l ig. 17.1. Ornamental shell of a mollusc, Alurex. 


IMPORTANT FEATURES 

The members of the Phylum Mollusca 
exhibit wide range of structural diversities. 
They constitute a very specialised group 
and have the following diagnostic features: 
(1) Majority of the members arc aquatic 
and a few are terrestrial. (2) They possess 
soft and unsegmented body in the adult 
stage. (3) The exoskeleton, in the form of 
shell, is present in majority of them. The 
shell is mostly located externally, al- 
though a few forms with internally dis- 
posed shell are recorded. (4) Gephali- 
zation is well marked. Tentacles and 
sense organs are present in most of the 
members exempting Bivalves. (5) The vis- 
ceral ma5s is enclosed by a thick muscular 
fold of the body wall called mantle . (6) 

A special structure named radula is 
present in most forms to assist in feeding. 

(7) Locomotor organ in the form of 
ventral muscular foot is present, which 
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may be secondarily modified. (8) The res- 
piratory organs are seen as specialised 
structures like ctenidia and pulmonary sacs. 
Either one kind of above respiratory struc- 
tures or both may be present in an indivi- 
dual. (9) The excretory organs include 
a pair of kidneys or nephridia or organs 
of Bojaruis. (10) The sexes arc usually 
separate and a few forms are hermaph- 
rodite. 

GLASSIFICATION IN OUTLINE 

The phylum Mollusca has been divided 
into six classes. The classes are: Monopla- 
cophora } Amphineura , Scaphhpoda , Bivalvia 
(Pelecypoda ) , Gastropoda and Cephalopoda . 
Morton and Yonge (1964) have clas- 
sified the Phylum into six classes mentioned 
above. Such division of Mollusca into six 
classes is accepted in most modern books, 
but the division of the classes into smaller 
subdivisions remains still controversial. 
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Example of tiie Phylum Mollusca -- 

CHITON 

The subclass Polyplacophora is repre- 
sented by a group of marine molluscs, 
generally called Cliitons. There are many 
species under the genus Chiton and all of 
them have a basic structural organisation. 

Habit and Habitat 

Chitons are very slow moving molluscs. 
They usually live in shallow water and are 
distributed in the rocky shores. Some of the 
members belonging to the family Lepido- 
pleuridae live in deeper zones. They are 
nocturnal animals and remain concealed 
under rocks during daytime. They have the 
habit; of rolling up their bodies like that of 
Diplopods. They arc herbivorous. 

External structures 

Chiton has an oval and dorso-vemrally 
flattened body. The dorsal side is convex 
and the vemmi is flattened. The mid- 
dle portion of the dorsal side is covered 
over by eight overlapping pieces of cal- 
careous shells arranged antcro-posteriorlv 


the mantle girdle varies in different species. 
This girdle is hard and contains numerous 
calcareous spicules, scales and spines. The 
ventral side of the mantle girdle is compa- 
ratively soft and contains less calcareous 
elements. The ventral surface of the body 
is occupied by a broad elliptical foot 
(Fig. 1 7.2B). The foot may be long and na- 
rrow in certain species as in Cryptoplax. The 
head is inconspicuous and is situated in 
front of the foot. The head is separated 
from the foot by a groove. The head bears 
a centrally placed mouth, but the eyes and 
tentacles are absent. A deep groove, 
present on the ventral side between the 
fool and the mantle, is called mantle 
groove. This groove contains external 
gills of variable number. The genital 
ducts and the excretory ducts open into 
the postero-lateral part of the mantle 
groove. The mouth and the anus are placed 
at tin* two extremities of the body. The 
anus is situated posterior to the foot and 
occupies a median position. 

Structure of shell plates. As described ear- 
lier the shell of Chiton consists of a longi- 
tudinal series of eight pieces of shell plates. 



Fig. 17.2. A. Dorsal view Chiton. 15. Ventral view of Chiton. Please note the flat ^Mitral tout. 


(Fig. 17.2A). These pieces are called 
the valves or shell plalff. The valves arc 
arranged in an imbricate fashion and are 
movably articulated with one another. All 
the eight shell plates are encircled by the 
mantle margin like a girdle. The width oi 


In majority of the species the valves re- 
main in contact with e;Tcli other but in 
Cryptoplax the valves remain separated. 
The valves in accordance with the dorsal 
convex side of the body, are curved. The 
first and the last valves are smaller and 
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hemispherical in outline. The rest of the 
valves (median valves) are almost trian- 
gular in outline. The surface of the median 
valves is differentiated into three triangu- 
lar areas — a median and two laterals. 

The shell plates are made up of two 
layers — tegmentum and articularncntum . The 
tegmentum is the outer layer and is com- 
posed of organic materials and the articu- 
lamcntum is a calcareous layer. The 
tegmentum is absent in Cryptochiton. It has 
been suggested by many workers that an 
organic layer called ptriostracum is present 
over the tegmentum. The articulanientum 
is comparatively thick. The outer por- 
tions of the a r tic ul a me n turn covering the 
tegmentum of the lateral triangular regions 
of the shell plates, are called insertion plates. 
These insertion plates actually help in the 
attachment of the valves with mantle. 
The insertion plates usually possess inser- 
tion teeth. 

Coelom 

The primary body cavity in Chiton is 
not coelomic in nature. This is represented 
by extensive lacunae and they are tilled 
up with blood. This cavity may best 
be regarded as a haemocoel. The true, 
coelom or secondary body cavity is 
restricted to the pericardial cavity, lumen 
of gonad and kidneys. 

Digestive system 

The mouth is a round Or oval aperture, 
situated at the centre of the head. The 
mouth leads into a very short buccal tube 
which is lined by epithelium thrown into 
longitudinal folds. The epithelium is com- 
posed of columnar cells with interspersed 
mucous cells. The buccal tube is continued 
into a wide buccal cavity. The buccal 
cavity is lined by circular and longitu- 
dinal muscle fibres. It bears a pair of 
simple buccal glands (Fig. 17.3) at the 
anterior end and the posterior end 
is prolonged into a blind sac called sub - 
radular pouch , which bears a subradular 
organ situated ventral to the radular sac. 
This organ i>**egarded as chemorccep- 
tor and c^jn be protruded into the mouth 
to test the substratum for food. There are 
no jaws in Chiton. The buccal cavity 
contains a long ribbon-like radula. The 
radula is enclosed by connective tissue 
sheath and contains transverse rows of 
teeth. Each transverse row contains 17 


teeth having a central tooth, Hanked by 
eight teeth on each side. The teeth are 
very hard and composed of dentine and 
instead of enamel are covered by iron. 
The buccal cavity leads into a short 
pharynx which produces two glandular 
diverticula, one on each side. These 
glandular diverticula arc called pharyngeal 



I ; ig. 17.3 Showing the digestive system 
o i'Chiton (after Parker and Haswcll). 


glands and have the same histological pic- 
ture as found in the buccal glands. The 
pharynx continues posteriorly as a narrow 
oesophagus and receives ducts from two 
large salivary glands. The salivary glands 
are designated now as thfc sugar glands 
which discharge amylase (carbohydrate 
splitting enzyme) into the oesophagus. 

The oesophagus leads into a large 
stomach. The stomach assumes various 
shape in different species due to the pres- 
sure of the voluminous digestive diverticula 
or liver. These glands have lobulated 
structures and they surround the stomach 
(Fig. 17.3). They occupy the spaces 
between the coils of the intestine. These 
diverticula secrete both proteolytic as 
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wells as cellulose-splitting enzymes. They 
open into the stomach by ducts. Digestion 
is largely extracellular in nature. The next 
part of the alimentary canal comprises of 
a long and coiled tube called intestine which 
opens to the exterior through the anus. 


constant feature of a species but the 
number increase with the increase of size 
of the body. The gills are arranged in the 
mantle groove (Fig. 17.4A). The mantle 
groove is divided into two narrow cham- 
bers by a continuous curtain of gills on 



Fig. 17.-1. A. Showing the rc-kition between the gills and the circulatory system in Chiton. 
Jh Excretory and reproductive systems iA Chiton (after Kaestner). 


The intestine is divided into two portions 
with a sphincter valve in between. The 
valve permits retention of food in the 
stomach, digestion and absorption at the 
anterior portion of the intestine and also the 
regulation of entry of waste into the poste- 
rior portion of the intestine in the form 
of faecal pellets. The anus discharges 
Lhcse pellets exterior through exhalanl 
respiratory current. 

Locomotion 

Chiton creeps very slowly by the ventral 
foot (sec Fig. 17.211). The foot is modified 
for creeping movement. The movement is 
caused by muscular waves produced along 
the foot from the anterior to the posterior 
direction. About 15-30 seconds are requ- 
ired for a wave to cover the entire length 
of the foot and Chiton proceeds 4 8 mm 
by such a complete wave. Chitons can also 
adhere to the substratum very firmly to 
tide over the strong wave action of the sea. 

Respiratory system# 

The respiratory system of Chiton 
includes small external gills of variable 
number. Flic number varies from. 6 to 88 
pairs. The number of gills are not 


either side. One chamber is designated as 
the inhalant chamber while the other is 
called cxhalant chamber. The inhalant 
chamber is located between the gill row 
and girdle and the exhalanl chamber is 
located between the edge of the foot and 
the inner side of the gill row. A single gill 
has two series of Hat and oval lamellae 
arranged on a central axis. The lamellae 
are lined by ciliated epithelium. The gills 
may extend the whole length of the 
body (holobranchiate type) or may be 
restricted towards the posterior end of the 
body * merobranchiale type). The holo- 
hranchiate t> pcs of gills are present in 
most cases, but merobranchiatc types 
are present in a lew forms like Schizochiton, 
LcpidopUurus . 

Circulatory system 

The circulatory system consists of the 
pumping organ heart. ar(frm y sinuses and 
blood. The blood of some Chitons contains 
a soluble respiratory pigment (haemocya- 
nin) and corpuscular elements. 'The heart 
consists of a median tubular ventricle 
and a pair of lateral auricles. They are 
located in the pericardial cavity which 
is filled with a proteinaceous liquid. 
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The pericardium is situated beneath the 
last two shell plates and its dorsal wall 
is fused with the dorsal body wall. The 
ventricle gives off a median dorsal aorta 
which supplies blood to the different 
parts of the body. The head contains 
a blood sinus of arterial nature. This 
sinus is called the head sinus . From this 
sinus an arterial channel called visceral 
artery proceeds posteriorly and ramifies in 
the viscera. From the viscera venous blood 
is collected in the visceral sinus. The head 
sinus also gives off several longitudinal 
channels on the posterior side. Of these 
channels, the important ones are the 
paired pedal sinuses and paired neuropedal 
sinuses. Besides these, there are a few more 
sinuses called the neurolateral sinus and the 
afferent and efferent branchial sinuses. The 
median longitudinal sinuses of the foot primar- 
ily receive most of the venous blood. This 
blood is communicated to the afferent 
branchial sinus by large transverse sinus. 
After oxygenation the blood is collected by 
efferent branchial sinus. From the efferent 
branchial si mis most of the blood returns 
to the auricle by a number of apertures 
called auricular pores. 

The arrangement and number of the 
longitudinal sinuses vary in different forms 
of Chiton. The important variation is the 
absence of visceral artery in most cases. 

Excretory system 

The excretory system consists of two 
slender symmetrically placed kidneys Fig. 
17.4B). Each kidney is more or less a Y- 
shaped tube. The single long limb of the 
‘Y* constitutes the main body and ends 
blindly at the anterior side. This tube 
receives numerous minute tubules that 
ramify in the viscera. The two shorter limbs 
have openings, one is the nepkridiopore situ- 
ated near the; genital pore and the other 
opens into the pericardium through a 
ciliated aperture called re no -per war dial 
aperture . 

Nervous system 

The nervovwrfiystem of Chiton is very 
simple and consists of a circumenleric nerve 
ring which is divided into an anterior cere- 
bral half (cerebral commissure) and a lower 
thin buccal part wliich gives rise to the 
buccal and subradular connectives. The buccal 
ganglia are connected by buccal commissure 
on the dorsal surface of the buccal cavity. 


The cerebral half is thicker, lacks ganglia 
and gives off posteriorly two pairs of 
descending nerve cords, the pedal and 
pleural (or palliovisceral ) nerve cords. The 
pedal cords innervate the musculature of 
the foot and the palliovisceral cords send 
nerves to mantle and visceral organs. 
Both the nerve cords are connected by 
transverse nerves. Pedal nerve cords are 
free posteriorly whereas the pleural nerve 
cords are joined posteriorly to form 
suprareclal commissure. Such ladder-like 
arrangement: of the nervous system reflects 
primitive organisation (for diagram see 
Fig. 17.59G in the general notes on 
the phylum in the last part of this 
chapter). 

Sense organs 

Specialised sense organs are lacking in 
Chiton. Elongated neurosensory cells with 
terminal bristles are quite abundant. 

Gustatory organs. They are situated in the 
floor of the buccal cavity. These organs 
arc composed of sensory arid supporting 
cells. 

Subradular organ. The subradular organ 
is regarded as chemo receptor. It is one 
in number and situated on the posterior 
end of die subradular pouch. 

Sensory epithelium. There are patches of 
sensory epithelium in the pallial groove 
and these arc said to be homologous with 
osphradia. 

Aesthetes. The tegmentum of shell plates 
is perforated by numerous canals which 
are provided with many light sensitive 
f’ photoreceptors) and lactilc organs 
(tactorcccptors). These organs are known 
as aesthetes. Aesthetes are divided into two 
types according to size - - m eg a la esth e l es and 
micr aesthetes. The dorsal surface of Chiton is 
sensitive to light and tactile stimuli. 
They are innervated by the lateral nerve 
cords. A megalaesthcte lias a slender core 
of elongated sensory cells surrounded by 
glandular cells. 'These two components are 
surrounded by an epidermal layer which 
is continuous with the nerve cords. The 
non-nucleated strands emerging from the 
mcgalaesthctes are called themicraesthctcs. 
Both of them ascend vertically to the sur- 
face through tegmentum and terminate 
in a hard cap. The caps of the mcgalaes- 
thetes are called megalopores and those of 
micrae sthetes are called the micropores. 
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In some forms of Chitons, few micraes- 
thetes assume the form of eyes with cornea, 
lens, pigmented layer and retina (Fig. 1 7.5). 



fig. 17.T) Showing a mic racsihi lcs and 
;iu aesthete eye ol 'Chiton. 

t he number of eyes in a lew species are 
niormous. ■! r icanthoplvura echinala the 
tot al number of eyes present on the valves 
are estimated to be l 1,500. The number ol 
liiieraesthetes present on a single m eg; il aes- 
thete vary from 20 to 25. In some eases 
micraesthetcs .may be absent. 


Both micromcres and macromeres arrange 
themselves in such a way that a flattened 
blastula with blastocoel is produced. Cas- 
trulation occurs typically on an embolic 
fashion, i.e. by the inpushing of cells. 

By subsequent embryological changes a 
fully- formed larva is formed which comes 
out of the egg envelope. This larval form 
is called Trochophore larva. It resembles 
closely the trochopore larva of Annelida 
see Fig. 15.12). It has an oval body with 
prototroch, apical sensory tuft of cilia, 
a pair ol* eyes below the prototroch 
and primitive archenteron. The trocho- 
phore larva alter coming out from the egg 
envelope swims in water for a period vary- 
ing from 15 minutes to a few days accord- 
ing to species. The larva then sinks to the 
bottom and undergoes metamorphosis. 
The first noticeable change is the dorso- 
vrnlral flattening of the body oflarva. The 
prototroch , eyes and the apical tuft of cilia 
are lost and a young Chiton is formed 
which attains adult morphology in due 
com sc. 


Example op the Phylum Mollusca — - 

l NIO 


Reproductive system 

The sexes are separate. The testis and 
ovary are more or less similar in appear- 
ance. The gonad is placed on the dorsal 
side in front of the pericardium and above 
the intestine. The gonoducts arc two and 
each opens into the mantle groove in front 
of the excretory aperture (Fig. 17. IB). In 
almost all the forms excepting Xuttalochiton 
kyadcsi and Xotochilon miremdus , the gonad 
is single and is medially placed. 

Development 

Fertilization occurs in the mantle cavity. 
In CaUistochiton viviparity a viviparous 
species, entire development of the young 
takes place in the female gonoducts. 
Segmentation is complete and occurs typi- 
cally in spiral fashion. At the eight-cell 
stage, four small upper tiers of cells called 
micromcres are produced and the lower 
four cells are called macromeres. F 4 ac.l 1 
macromere then givys origin to three 
micromeres which transform into ectoderm. 
The macromeres gives rise to the endoderm. 
The mesoderm emerges from the cells 
originating from the posterior macromeres. 


Unio margin a Its (Fresh-water mussel) is a 
typical representative of the class Bivalvia. 
It. belongs to the family Inionidac. There 
are several genera under this family of 
which the genus Unin is widclv studied. 

Habit and Habitat 

l ' nio b: an aquatic form and inhabits 
fresh- water lakes, ponds and rivers. They 
usually burrow in the mud at the bottom 
of the pond by their large ventral/oot. They 
do not go deep in the burrow, because the 
posterior extremities of the valves is to be 
kept exposed for the ingress and egress of 
respiratory water current. They usually stay 
in shallow water during night, but migrate 
to deeper water during daytime. The food 
of Unio comprises of microscopical plants 
and animals. 

External structures 

Unio has a bilaterally symmetrical body 
and the size varies from about 5 to 10 cm 
in length. The body is laterally 
flattened. The anterior side of the body is 
roughly oval in outline and the posterior 
end is slightly narrower. The body is 
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enclosed by a hard calcareous shell ( Fig. 
17.6A) which consists of two equal valves 
hinged at one edge. Beneath the shell, a 
delicate layer called mantle envelopes the 
whole visceral mass. The mantle has two 
epithelial layers with an intermediate 
connective tissue layer (Fig. 17.7). The 
epithelium just beneath the shell is com- 
posed of secretory cells and the inner 
epithelium is ciliated. The mantle 


shell respectively (Fig. 17.6B). The scar 
mark of the anterior adductor muscle is slightly 
smaller than that of the posterior one. 
Impressions of the anterior retractor and 
protractor muscles of the foot arc present 
near that of the anterior adductor muscle. 
Another small impression of the posterior 
retractor muscle lies near that of the posterior 
adductor muscle. A streak known as the 
pallial line , produced by the insertion of 


anterior retractor 
muscle \ 


anterior adductor 
muscle 
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/retractor 
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exhalant siphon 
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P muscle * posteno^dudor 


Fig. 17.C. External features of Unio. A. Side view of an entire animal. The head of the arrow indicates the 
direction of water current. B. Internal structures of Unto after partial removal of the left shell valve. 


consists of two lateral halves called the 
mantle lobes. The mantle lobes at the 
aboral side produce two short tubes — 
the inhalant and exhalant siphons. The edge 
of the exhalant siphon is smooth and that 
of the inhalant siphon is produced into 
delicate processes. Sometimes the triangu- 
lar tongue-shaped foot protrudes between 
the two valves towards the oral end. 


muscular lib res of the mantle into the 
shell is present. 

Microscopic structure of shell 

The shell lias three distinct Layers (Fig. 
17.7). 'The outermost layer, known as 

v -pcriostracum 


Macroscopic structure of shell 

The two valves are united dorsal !y along 
a hinge-line by elastic hinge- ligament which 
helps the opening and closing of the valves. 
The hinge- teeth are present in Unio. The 
teeth are so arranged that the teeth oi one fit 
into the sockets of the other valve. Series of 
concentric lines of growth are present on the 
external suriac^uf the shell. The lines of 
growth start from an elevation — the umbo 
which is the thickest and the oldest part of 
the shell. Some characteristic markings are 
also observed on the inner side of the shell. 
Two large oval impressions of the anterior 
and posterior adductor muscles are present 
near the anterior and posterior ends of the 


j> prismatic layer 



■ necreous layer 

i 1 
1 



ii 

Fig. 1 7.7. Sectional view of the shell and mantle in 
Unio (after Borradaile & Fotts). 


pcriostracum is composed of a substance, 
related to chi tin, called conchiolin . Be- 
neath the pcriostracum is the prismatic layer 
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formed of alternate layers of conchiolin 
and prisms of calcium carbonate. The 
innermost layer, called the nacreous layer is 
formed of alternate linings of conchiolin 
and calcium carbonate. Such linings a re- 
arranged parallel to the surface. 

Coelom 

The original eoelornic cavity, in an adult, 
is replaced by connective tissue and is 
represented by three small cavities — the 
pericardium, the cavities in the gonads and 
the cavities in the excretory organs. 
The general body cavity is a haemncoeL 

Digestive system 

The digestive system includes alimen- 
tary canal and digestive glands (Fig. 1 7.8;. 
The .mouth is a transverse slit and situated 
below the anterior adductor muscles as a 


then proceeds towards the posterior end 
through the pericardium and ventricle of 
heart as the rectum. It Finally opens into 
exhalant siphon as anus. The rectal 
portion of the intestine is provided with a 
longitudinal ridge known as the typhlosole 
which forms two longitudinal grooves, one 
on each side. The typhlosole increases the 
absorptive area of the intestine. From 
one of such grooves of the intestine, a 
gelatinous rod-like, structure known as 
crystalline style projects into the stomach 
which probably helps in the digestion of 
cellulose and starch. It has been seen that 
in starving Unio the crystalline style dis- 
appears. 

Locomotion 

The muscular foot is the primary loco- 
motor organ. Fhe foot protrudes between 
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slit. It is bounded by two pairs ol cnnic.il 
flaps called the labial palps. One pair of 
labial palps are external and the other are 
internal. 'Fhe external labial palps in from 
of the. mouth unite to form the upper lip 
and the internal labial palps similarly unite 
behind the mouth to form the lower lip. 
The radula is absent in Unio. Fhe mouth 
leads into a spacious sac-like stomach by a 
short gullet. A pair of irregular digestive 
glands (liver) surround the stomach and 
the secretion of the gland is poured into 
the stomach by small duels. From the pos- 
terior end of the stomach starts the intestine 
which enters into the visceral mass and 
forms coiled’ loop. The intestine then goes 
up and takes the level of the stomach. It 


the aiUero-venlral sides of shell valves and 
burrows like ploughshare through the 
mud. During progression, due to the flow 
of blood into the foot, the latter swells 
up and becomes turgid. When the animal 
intends to move, the foot is extended 
forward as far us possible by inilux of 
blood and its contraction draws the 
body forward. So by such alternate exten- 
sion and contraction dlNilic foot, the 
animal moves very slowly. 

Respiratory system 

Unio is exclusively an aquatic animal. 
The respiratory organ consists of two gills 
or ctenidia situated one on each side of the 
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body (Figs. 17.9 and 17.10A). Each cteni- 
dium has an external and an internal 



Fig. 17.9. Transverse section of the middle region 
of Unio showing the relative position of gills. 


gill plates or gill laminae (Fig. 1 7.1 OB). Each 
gill lamina is a double structure formed of 
two similar plates, the outer and inner gill 
lamellae . The internal and the external gill 
lamellae are united with one another on 
all sides excepting the dorsal end. The 
spaces between the internal and external 
gill lamellae are subdivided by vertical 
bars called interlummdlar junctions into a 
number of compartments called the water 
tubes (Fig. 17. IOC). Each lamina exhibits 
double striations. The vertical striatums arc 
due to closely-set gill filaments that com- 
pose the lamellae. The longitudinal 
striations are due to the fact that these 
filaments are connected by horizontal 
interjilamentar junctions. Between the gill 
filaments, bounded by intcrfilaincntar 
junctions, there are minute apertures 
called ostia opening into the water-tubes. 

\ transverse section of the gill filament 
reveals that it is covered by ciliated epithe- 
lium (Fig. 1 7. 1 OK) and is supported by 


blood vessels . -—-AS 

j 


ascending limb of filament 


\ / interfilarnentar junction 



poie 


water 


external 

gill-lamina 


blood corpuscles 


Fig. 1 7. 10. Structure of gills in Unio. A. Lateral view of whole of the left external gill lamina. B. Section 
of a gill to show external and internal gill laminae. G. Detailed structural plan of gill lamellae. D. 
Enlarged view of a portion of gill showing the direction?: of blood flow and water current. Arrows 
indicate the direction of flow. The downwardly directed arrows indicate afferent and the upwardly 
pointed arrows indicate efferent vessels. E. Transverse section of a gill filament (after various sources). 
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chitinous rods. The cavity of the gill fila- 
ment is filled with blood. The long cilia 
present in the gill filament produce a 
current which drives the water from the 
mantle to the water tubes (Fig. 17.10D). 
The arrangement of gills shows that the 
water tubes open into the supy abranchial 
chamber which continues posteriorly and 
opens to the exterior by exhalant siphon. 

By the action of cilia, a constant flow of 
water-containing dissolved oxygen passes 
through the ostia into the water tubes 
(Fig. 17.10E). From the water tubes water 
enters into the supr abranchial chamber and 


In addition to gills, the highly vascular 
mantle acts as an accessory respiratory 
structure. 

Circulatory system 

The blood is colourless and consists of 
plasma and few leucocytes. The heart consists 
of a muscular ventricle and two thin -walled 
auricles enclosed by pericardium. The auricles 
communicate with the ventricle. This 
opening is guarded by valves. Two aorta e 
originate from the two ends of the ventricle 
(Fig 1 7.11), one is the anterior aorta situa- 
ted above the rectum and the o'thcr is the 



I ; ie. 17 . 11 . Circulatory system in Unio. The head of the arrow indicates the course of circulation. 


finally goes out to the exterior Irom the 
suprabranchial chamber by the exhalant 
siphon. Gill filaments are highly vascular 
structures and during the transit of water 
through ostia to water tubes gaseous ex- 
change takes place. 


posterior aorta located below the rectum. 
One of the peculiar features in Unio is 
that the rectum passes through the peri- 
cardium and the ventricle Fig. 17.12). 
The aortae give rise to arteries such as pal- 
lia 1, gastric, pedal and intestinal arteries 


auriculo-ventricular 



Fig. 17.12. A part of visceral mass of Unio showing the position of heart, rectum and kidney. 
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which supply the whole body. The blood 
from the different parts of the body is 
collected into a large vena cava located 
in between the kidneys. From the vena 
cava blood returns to the auricles by two 
ways. In one circuit, blood flows into the 
gills by afferent branchial veins and then 
returns to the auricle by efferent branchial 
veins . Before coming to the gills blood 
from the vena cava passes through the 
kidneys. The renal veins ultimately unite 
to form the afferent branchial veins. In the 
other circuit, blood from the vena cava 


comes to the auricle directly without going 
through the kidneys and gills. Mantle 
also acts as an accessory respiratory organ 
from where blood returns to the auricle 

through pallia l veins. 

The circulatory circuit 
represented below : 

is schematically 
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The excretory organs of Unio comprise 
of a pair of kidneys called the organ of 
Bojanus. t hese arc situated one on each 
side of the body below the pericardium. 
Each kidney consists of two parts, a 
glandular part and a thin-walled ciliated 
urinary bladder (Fig. 17.12). The glandular 
part of the kidwy opens to the pericardium 
by renopericardial aperture and the bladder 
opens to the exterior by a minute opening- 
called renal aperture ( mpkridiopore ) situat- 
ed between the visceral mass and the inner 
lamina. 

In addition to kidneys, a large reddish- 
brown glandular mass known as Keber's 


organ or pericardial gland is regarded to be 
excretory in function. It is situated in front 
of the pericardium and discharges the 
excretory products into the pericardial 
cavity. 

Nervous system 

The nervous system of Unio (Fig. 17.13) 
comprises of ganglia (aggregation of nerve 
cells), commissures (nerves connecting 
two similar ganglia), connectives (nerves 
connecting two dissimilar ganglia) and 
nerves. There are two cerebral ganglia. 
These are present one each at the base 
of labial palps just outside the corners 
of the gullet and are connected by a 
cerebral commissure. A bilobed pedal 
ganglion, formed by the fusion of two 
ganglia, is located at the junction of the 
visceral mass with the foot. 'This ganglion 
is connected with the two cerebral 
ganglia by two nerves situated one on 
each side of the body, called the cerehro- 
pedal connectives. Another bilobed ganglion 
called the visceral ganglion is present 
on the ventral side of the posterior adduc- 
tor muscles. The visceral ganglion is very 
large in size and is connected with the 
two cerebral ganglia by two cerebro-visceial 
connectives , one on each side of the body. 
The cerebral ganglia supply nerves to 
the anterior and posterior labial palps 
and to the anterior parr of the mantle. 
Nerves are given off to the foot and its 
musculature by the pedal ganglion. The 
visceral ganglion gives out: on each 
side, a dorsal and a posterior pal Hal 
nerve to the mantle, a anal nerve to the 
posterior end of the kidney, a branchial 
nerve to the gill and a nerve If) muscles 
of the posterior adductor and a nerve 
to the anterior part of the alimentary 
canal. 

Sense organs 

The main sense organs are the Osphra - 
dium and the Statocyst. Tfie osphradium is 
an organ for tasting witer and is pre- 
sent in connection with the visceral gang- 
lion. It consists of a patch of sensory 
epithelium, flic other sense organ is the 
organ of balance ( statocyst), located near 
the pedal ganglion and has the nerve 
supply from the ccrcbro-pedal connective. 
There are two statocysts in Unio. Each 
statocyst is a hollow sac lined by sensory 
cells and a centrally placed statolith 
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Fit;. 17.14). Besides osphradium and 
statocysts. the margin of the mantle lobes 
are provided with sensory cells which are 
probably tactile organs ancl photoreceptors. 



Reproductive system 

The sexes arc separate. The male gonad 
or testis is white in colour and the female 
gonad or ovary is red. Both the gonads are 
large paired organs occupying the major 
portion of the viscer^ mass among the 
intestinal coils. But Morton (1967) has 
claimed that the gonad is a single median 
organ in both the sexes. The gonads have 
a short duct that opens to the. exterior by 
33 [vol. ’76] 


genital aperture located jusi in front of 
the renal apertures. 

Development 

Development of the zygote starts within 
i he external gill laminae which dilates to 
accommodate the developing embryo. 
Segmentation is complete and equal. 
Alter the formation of bias tula and 
gastrula, a larval form emerges out. It is 
called Trochophore larva see Fig. 13.12 1 . 
The trochophore larva has the same 
structural plan as in annelids. During 
development, this larval form subsequently 
passes on to the characteristic Glochidium 
larva. These larvae are expelled from 
the bodv of the female to water Fig. 

1 7. 15 A). 

Structure of Glochidium. i (. has got a long 
bivalvcd shell. 'The valves are porous and 
united dorsally, but free ventrally. In a 
related genus Anodmla the free ventral ends 
of the valves become curved like hooks 
beset with many spines. Such structures 
are not observed in Unio. The body con- 
sists of an undivided mass^y^ich is differ- 
entiated into a single dorsally placed body 
proper and two mantle lobes, the right 
and the left (Fig. 17.15B). A glandular 
pouch is present on the ventral side of the 
body which secretes a very long thread 
called the provisional byssus. A single 
large adductor muscle, which arisen from 
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the mesoderm, is present to connect the 
two valves. The byssus moves to and fro 
and attaches itself with the gills of fresh- 
water fishes. The glochidium penetrates 
the host tissue and becomes enclosed by 
gill epithelium. It lives there as an ecto- 
parasite for about two and half months 
(Fig. 17.15G). The provisional byssus and 
sense organs disappear and metamorphosis 
starts. The stomodaeum is formed by in- 
vagination of the ectoderm. Foot origi- 
nates as a ventral elevation. After such 
development, the young giochidia detach 


Habit and Habitat 

Pila globosa inhabits fresh-water ponds 
and lakes. They are quite abundant in 
water having succulent aquatic vegetation 
on which they feed. They are really 
amphibious forms, i.e. they live most ol 
the time in water but they can also thrive 
well on land. They exhibit tvvo-lbld respi- 
ratory adaptations. They respire in water 
by ctcnidimn and by pulmonary sac on 
land. During prolonged drought they may 
remain torpid for a long time and during 
rains they return to normalcy. 



Fig. 17.15. Life cycle of Unio. A. Female discharging giochidia. B. Enlarged view of a glochidium. 
0. Penetration of glochidium and its gradual enclosure in the host gill epithelium. D. Youngs 
at the bottom of the pond. 


themselves from the gills of fish and sink 
to the bottom of the water (Fig. 17. 15D) 
and attain adult morphology. 

Example of the Phylum Mollusca™ 

PILA 

Pila globosa is commonly known as 
pond snail pple snail. It is a typical 
representative of the class Gastropoda. It 
belongs to the family Pilidae. The members 
of the family are distributed in the Oriental 
and Ethiopian regions of the world. The 
common species of the genus is P. globosa. 
It is quite abundant in the fresh-water 
ponds. 


External structures 

The body of Pila is enclosed by a thick 
spirally-coiled globular shell. It has the 
form of an elongated co^c coiled round 
a central axis in a spiral r|ianner. A single 
revolution of the shell is tailed the whorl. 
The extreme top of the slijcll is designated 
as apex (Fig. 17.16A). The apex of the 
shell is regarded as the; oldest part of 
the shell. Starting from the apex the other 
whorls — the penultimate whorl and body- 
whorl are large to enclose the greater part 
cf the body. The first whorl is smallest and 
the last one is the largest (pig. 17.17A), 
The last whorl contains a large aperture, 
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which can be closed by a lid called 
operculum which is attached to the pos- 
terior side of the foot. The operculum is a 
flat calcareous plate. It is formed as a 
cuticular secretion of a group of cells from 
the foot. It. has a lunate-oblong outline 
which corresponds to the aperture of the 
shell. The operculum shows numerous 
concentric rings of growth around a well- 
marked nucleus. The inner surface of the 
operculum shows a distinct elliptical area 
called boss lor the insertion of oper- 
cular muscle (Fig. J7.16B). The margin 



l'ig. 17.10. Showing the structure of shell (A) 
and operculum ( B) of Vila. 


of tin* aperture is smooth and is called 
peristome. A spiral column arising from the 
centre of the shell is present on the inner 
side. It is called columella (Fig. 17.170). 
The type of coiling is right-handed and is 
called dexlml. In rare or abnormal 
cases left -handed coiling ( sinishal ) is also 
observed. Detailed account of coiling in 
gastropods is discussed in general notes on 
mollusca. 


The microscopic picture of shell of Pila 
exhibits three layers. The outer layer is 
chitinous and known as periostracum. The 
two underlying layers, the ostracum and 
hy posit acum , arc composed of calcareous 
material. The periostracum is thin and 
consists of a large number of parallel bands 
in young stage. These bands are separated 
from one another by wavy lines. Each 
band is made up of rectangular blocks. 
But in an adult, the periostracum appears 
as a homogeneous membrane without 
showing the bands or blocks. The ostracum 
and hypostracum are essentially similar. 
The plates constituting these calcareous 
layers are disposed differently. 

The whole body is located within the 
whorls of the shell and is attached to the 
columella of the shell by columellar muscle. 
The columellar muscle arises from the foot 
and is attached with the columella. The 
columellar muscle plays a vital role. It 
prevents the animal from extending out 
of the shell beyond certain limit and also 
helps to withdraw it into the shell. The 
body is divisible into the head, font, and 
visceral mass. The head along with the 
foot can be protruded to a limited extent 
through the aperture of the shell 'Fig. 
17.17A). 

The head is well-marked. It is prolonged 
into a partly contractile smut. It carries 
two pairs of tentacles. The longer pair are 
thread-like and contain stalked rye at the 
bast\ The shorter pair arc called labial palps 
or first tentacles and arc regarded as the 



Kig. 17.17. External features of Vita. A. Dorsal view, 
is broken to show the columella. 


H. Ventral view. Cl. A portion of shell 
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antero-lateral prolongations of snout. Two 
fleshy projections, called nuchal lobes or 
pseudoepipodia, are seen on the two sides of 
the head. The lobes, although projected 
anteriorly over the foot, are the prolonga- 
tions of the mantle and are innervated by 
nerves from the pleural ganglia. The left 
nuchal lobe is highly developed and forms 
the respiratory siphon . The nuchal lobes of 
Pila are not homologous with the epi podia 
of other gastropods. 

The foot is more or less triangular w hen 
seen from ventral side (Fig. 17.17B). The 
anterior part of the foot is round and the 
posterior part of the foot holds the oper- 
culum . The foot is highly muscular and 
contains pedal glands. Pila is adapted to 
creeping movement. 

The skin covering the visceral mass 
forms the pallium or mantle. It forms a cloak 
over the anterior part of the body includ- 
ing the head and its appendages in retract- 
ed state. The mantle subserves three func- 
tions in the life of Pila: (i) protects the 
visceral mass and head, (ii) serves as an 
additional respiratory organ and (Hi) sec- 
retes the shell by the shell-secreting glands 
at the free margin of the mantle. The 
mantle is free anteriorly and encloses a 
spacious cavity known as pallial or 
mantle cavity. This cavity contains visceral 
organs of the animal. The mantle 
cavity is imperfectly divided into left and 
right chambers by a longitudinal -ridge 
known as epitaenium. The right chamber 
contains the ctcnidiurri, rectum and the 
genital duct. The left chamber contains 
the pulmonary sac. There is a comb-like 
organ of taste known as osphradium close 
to left nuchal lobe. The mouth and anus 
are closely situated on the same side of 
the body. The anal and the genital aper- 
tures are located on the right mantle 
opening. 

Coelom 

In adult, the general body cavity is a 
haemocoel as seen in other molluscs. The 
true coelom is represented by the peri- 
cardial cavity and the cavities round the 
kidney. 

Digestive system 

Pila lives primarily on aquatic vegeta- 
tion. The digestive system is composed of 
digestive canal and digestive glands (Fig. 
17.18). The digestive canal is distin- 
guishable into; (i) fore gut , (ii) mid gut 


and (Hi) hind gut . The fore gut and the 
hind gut possibly develop from the ecto- 
dermal layer, while the mid gut is endo- 
dermal in origin. The fore gut includes the 



buccal mass and the oesophagus, the mid 
gut consists of the stomach and the 
intestine and the hind gut includes t lie 
rectum. 

Fork gut: The mouth is a vertical slit 
which leads into the anterior end of the 
digestive tract which becomes greatly 
swelled to form an oval buccal cavity. The 
buccal cavity is enclosed by a strong thick- 
walled muscular structure called buccal 
mass. The buccal mass is regarded as the 
pharynx by many workers. The entrance of 
the mouth is guarded by a pair of chitinous 
jaws projecting from the roof of the buccal 
cavity (Fig. 17.19A). Covering the floor of 
the buccal cavity, is present a chitinous 
ribbon-like structure. This structure is 
known as radula or lingual ribbon (Fig. 
17.19B). It is an elongated structure bear- 
ing transverse rows of serrations. Each 
transverse row contains about seven teeth 

two marginals, a lateral On either side of 
a median rachidian tooth,, giving the for- 
mula as: 2, 1, 1, 1, 2--% The radula is 
movably placed by muscles upon a large 
outgrowth of the floor of the buccal cavity 
called tongue mass or ofyontophore. It is 
made up of muscle with cartilaginous 
support. It has an anteriorly placed 
subradular organ . Tjhe subradular organ is 
a more or less rounded structure. It is 
divided into two by a median furrow. A 
small pouch like sublingual, cavity is pre- 
sent beneath the subradular organ. The 
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radula at the posterior end enters into a 
radular sac which supplies new teeth to 
the radula. The radula is pushed forward 
by muscles from behind and it works as a 
file by rasping food materials. Pila is a 
vegetable feeder and takes leaves of aquatic 
weeds by cutting with the jaws. The 
buccal cavity receives two salivary glands 
on the posterior side. 

The buccal cavity leads into oesophagus. 
The oesophagus is a long tube and just 
after its origin from the buccal mass it 
gives out on each side, a small outpushing 


gastropods. It is merely a blind diverticu- 
lum of the pyloric chamber of the stomach. 

Hind gut: The intestine is long and 
forms 2 1 --3 coils. The posterior part of 
the intestine is nearly straight and turns 
to the anterior direction and continues as 
the rectum. The rectum lies on the floor of 
the right side of the mantle cavity and 
terminates in anus which is situated near 
the mouth within the right mantle opening. 

The digestive glands include the sali- 
vary glands and the liver. There arc two 




Pig. !7.1t). A. Sertioual view of buccal mass of Pila. B. Radula of Pila. 


called oesophageal pouch. The oesophagus 
ends in stomach. 

Mid gut: The stomach is red in colour 
and is situated on the lower part of the 
visceral mass just below the pericar- 
dium. It is a large sac and bent on 
itself to form a ‘U’-tube, one limb of which 
receives the oesophagus and the other 
leads into the intestine. The end which 
receives the oesophagus is called the 
posterior or: cardiac chamber , while the other 
end is called the pyloric chamber. The 
cardiac chamber actually constitutes the 
main part of the stomach. The pyloric 
chamber exhibits transverse folds at its 
inner wall, while tliat^jf cardiac chamber 
appears corrugated. A caecum or blind 
pouch opens at the junction of stomach 
and intestine. The caecum does not contain 
any crystalline style as observed in other 


salivary glands situated one on each side 
of tire oesophagus. The liver or digestive 
gland is black in colour and constitutes the 
main bulk of the visceral hump. It gives 
out two ducts which unite to form a com- 
mon duct and opens into the stomach. 

Locomotion 

Pila moves very slowly by creeping on 
the substratum by its foot. During move- 
ment the foot is protruded through the 
opening of the shell and its Hat sole helps 
in the process. The extension of the foot is 
caused by sudden influx of blood into the 
foot. The glands present in the foot pro- 
duce slimy secretion that helps the ani- 
mal to glide on dry surface. Pile foot is 
provided with vertical, longitudinal and 
transverse muscles. During locomotion the 
wave-like contractions on its surface are 
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produced by the contractions of the verti- 
cal muscles. The contraction of the trans- 
verse muscles drives the blood forward 
which causes the extension of the foot in 
front. During this process the longitudinal 
muscles contract to pull the posterior end 
of the foot forward. 

Respiratory system 

Pila exhibits double mode of respira- 
tion, i.e. it can absorb oxygen dissolved 
in water by ctenidium and can also utilise 
atmospheric oxygen by the pulmonary sac. 

The mantle cavity is incompletely divi- 
ded into right chamber (branchial) and 
left chamber (pulmonary ) by the pre- 
sence of epitacnia. Aquatic respiration is 
performed by the single ctenidium situa- 
ted on the dorso-lateral wall of the right 
portion of the mantle cavit y (Fig. 17.20A). 
The ctenidium is made up of numerous tri- 
angular leaflets or lamellae. These lamellae 
are arranged in single row running parallel 
to one another along the clenidial axis of 
the gill. This type of the clenidiuni is 
known as monopectinate type. The basal 
end of each lamella is attached to the pal- 
lial epithelium and the other end hangs 
freely. The branchial lamellae are not of 
same size. The lamellae arc large in the 


middle of the ctenidium, while the lamel- 
lae decrease in size towards the two ends. 
Each branchial lamella is composed of two 
layers of epithclia supported by muscle 
fibres and connective tissue. Two epithelial 
layers enclose a narrow space. Each epi- 
thelial layer consists of three types of cells: 
(/) ciliated columnar cells, (ii) non-ciliated 
columnar cells and (iii) few glandular cells. 
The detailed structures of a gill lamella is 
shown in Fig. 17.20B. The ctenidium is 
supplied with blood vessels. In aquatic 
respiration, a current of water containing 
oxygen is drawn in by the left siphon into 
the mantle cavity which ultimately flows 
into the right side by the help of epitacnia 
to bathe the ctenidium. The nuchal lobes 
help in the process. After the exchange of 
gases the water is expelled from the mantle 
cavity through the. right siphon. 

The pulmonary sac is a dosed cavity 
which hangs from the dorsal wall of the 
mantle in the pulmonary chamber. The 
pulmonary sac in Pila is a new attainment 
in response 10 its aerial respiration. The 
pulmonary sac has one opening into the 
pulmonary chamber which is guarded by- 
two valves. The wall, specially the dorsal 
wall (Fig. 17.20(! . of the pulmonary sac, is 
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Fig. 17.20. Respiratory organs in Pila. A. The mantle is partially displaced to show the position 
of ctenidium. B. Transverse section #f a branchial lamella. Diagrammatic: sectional view of 
the outer wall of the pulmonary sac. 
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highly vascular and helps directly in gas- 
eous exchange. On land, the pulmonary 
sac becomes filled up with atmospheric air 
and carries on the process of respiration. 
Pila can also respire through the pulmo- 
nary sac while it remains in water. To 
inhale atmospheric air, Pila comes to the 
surface of the water. Before reaching the 
surface, Pila begins to expand the size of 
the left nuchal lobe (left siphon}. It in- 
creases its size both in length and breadth 
and rolls up to form an elongated respira- 
tory tube. The outer end of the tube extends 
beyond the level of water and sucks in air 
from atmosphere. The inner end of the 
tubes comes in an immediate contact with 
the opening of the pulmonary sac. The 
alternate contraction and dilatation of the 
mantle wall as well as of the pulmonary sac 
help in tin; process of respiration. After 
gaseous exchange the expelled air goes out 
of the pulmonary chamber by the same 
route. During this process the branchial 
chamber remains completely shut oil' from 
the pulmonary chamber by the cpitacnia 
which comes in contact with the roof ol 
the mantle. 

Circulatory system 

The circulatory system of Pila is well- 
developed owing to aquatic as well as 
aerial modes of respiration. The heart is 
situated in the left-hand side of the visceral 
whorl very near to the posterior end of t he 
etenidium. 'The pericardial chamber en- 
closes the heart and the aortic ampulla. As 
the etenidium lies in front of the heart the 
animals arc included under Prosobrunrhia. 
The heart consists of a single auricle and 
a single ventricle (Pig. 17.21). Tin* auri- 
cle is thin-walled and lies in the dorsal 
part of the pericardium. It communicates 
with the thick-walled muscular ventricle 
through the auricu l o-vc utricular aperture. The 
ventricle is situated just below ihe auricle 
in the same axis. The aiuiculo-ventricular 
aperture is guarded by semilunar valves 
whic h prevent regurgitation of blood from 
the ventricle to the auricle. The auricle 
receives oxygenated blood from the ctcni- 
dium and pulmonary sac. through efferent 
ctenidial and pulmonary veins respectively. 

The lower end of the ventricle gives rise 
to an aorta. The root of the aorta is 
provided with two semilunar valves which 
do not allow, the backflow of blood into 
the ventricle. 'The aorta immediately bi- 


furcates into two arteries, the anterior one 
is called cephalic aorta supplying blood 
to the head region and the posterior or 
visceral aorta which supplies blood to the 
posterior part ol' the body. The cephalic 
aorta, just after its origin, gives a dilated 



sac-like outgrowth known as aortic am- 
pulla. Both the aorlae supply arteries to 
different parts of the body. The cephalic 
aorta gives oil' three arteries along its 
outer side: (/) an artery to the skin, {iij an 
artery to the oesophagus and yiii an 
artery to the left part of the mantle, the 
osphradium and left siphon. The cephalic 
artery gives oil a pericardial artery on its 
inner side. This artery supplies the peri- 
cardium and enters into posterior renal 
chamber. The main trunk of the cephalic 
artery enters into the perivisceral sinus 
(space surrounding the buccal mass and 
oesophagus) and then crosses beneath the 
oesophagus. It then gives cWl 'many arteries 
to the buccal mass, oesopfiaijea l wall, 
right side of the mantle, j;ight siphon and 
the copula tory organ, eyes, tentacles, etc. 
(Fig. 17.22). The visceral aorta, imme- 
diately after its origin, gives off an artery 
to supply the pericardium, digestive gland 
and skin. A little further, the visceral aorta 
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gives origin to a stout gastric artery to the 
stomach. The main aorta runs along the 
left margin of the posterior renal chamber 
and sends branches to the intestine and the 
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Fig. 17.22. Showing blood supply to the buccal 
mass and adjoining structures in Pita. 


posterior renal chamber. It then sends an 
artery to the digestive gland, the gonad 
and terminates in the wall of the rectum. 

The blood, after being distributed to the 
various parts of the body by the arteries 
and their tributaries, passes into small 
spaces {Lacunae). These lacunae unite to 
form large sinuses. There are four main 
sinuses: (i) perivisceral sinus, ( ii ) peri-intes- 
tinal sinus , (m) branchio-nnal sinus and {iv) 
pulmonary sinus. The perivisceral sinus sends 
blood to the ctenidium and pulmonary sac. 
The peri-intestinal sinus passes blood 
to the kidney for eliminating metabolic 
wastes. From the kidney, blood returns to 
the ailricle by efferent renal veins. 

Course of circulation of blood. The 

cephalic and visceral aortae supply blood 
to the different parts of the body. The 
cephalic aorta supplies blood to the 
head, mantle, buccal mass, oesophagus, 
copulatory organ, columcllar muscle and 
associated structures. The visceral aorta 
supplies blood to the visceral mass. Al- 
though there are four main sinuses, the 
blood is collected into the perivisceral and 
peri-in testing sinuses. From these sinuses, 
the blood* is conveyed either into the pul- 
monary sac, ctenidium or into the kidney. 

During aerial respiration, the blood 
flows into the pulmonary sac, while in 
aquatic respiration most of the blood from 
the perivisceral sinus goes to the cteni- 


dium. After aeration, the blood comes to 
the auricle by the pulmonary vein or by 
the efferent ctenidial vein. The blood from 
the peri -intestinal sinus passes either into 
the anterior or posterior chamber of the 
kidney. On its way through the anterior 
renal chamber, the blood gets rid of nitro- 
genous wastes and flows either into the 
ctenidium or into the posterior renal 
chamber. The posterior renal chamber 
gets blood either from the peri- intestinal 
sinus or from the anterior renal chamber. 
The blood gets rid of its excretory product 
but without being aerated. Thus mixed 
blood goes to the auricle for distribution 
via the ventricle. The circulation of blood 
through the heart and the different parts 
of the body is shown below: 
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Excretory system 

The excretory organ is the kidney 
It consists of two renal chambers oik 
anterior and another posterior (Fig. 1 7.23) 
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Fig. 17.23. Kidney of Pita. 
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The anterior renal chamber is more or 
less oval in shape and is situated anterior 
to the pericardium. It communicates to 
the posterior renal chamber by one end 
and the other end opens into the mantle 
cavity through a slit-like aperture near the 
epitaenia. It is reddish in colour and its 
internal cavity presents numerous lamel- 
lated processes which reduce the internal 
cavity. The lamellae are arranged on the 
iloor on cither side of the afferent renal 
sinus and on the roof they are similarly 
arranged on either side of the efferent renal 
sinus. 

The posterior renal chamber is broad 
and the colour varies from brownish to 
gray. It is situated behind the anterior 
renal chamber. This chamber is separated 
from the pericardium by a vertical parti- 
tion (rmoperi car dial septum) and opens into 
it: through a slit-like reno pericardial aperture. 
The roof has profuse branching of the 
afferent and efferent renal vessels. 'The 
renal chatnl; as .u, provided with network 
of blood vessels and take up nitrogenous 
waste products from the blood. Tin- 
wastes are discharged into the. mantle 
cavity through the renal duet. From 
the mantle cavity the waste products an* 
eliminated outside the body. 

Nervous system 

The nervous system consists of ganglia, 
commissures, connectives and the nerves to 
di lie rent, organs. 

Ganglia. The main ganglia are: (1) One 
pair of roughly triangular ecu bud ganglia 
situated on the dorso-lateral sides of the 
buccal mass, one on each side of t he 
head. (2) One pair of plan ope dal ganglia 
placed below the buccal mass on the lateral 
side. Each plcuropedal ganglionic mass is 
more or less rectangular in outline and is 
formed by the fusion of pleural and pedal 
ganglia. The infra intestinal ganglion is also 
fused with the right plcuropedal mass. (3 N ) 
Visceral ganglion is very large and appears to 
be unpaired. It is a bilobed structure and is 
formed by the fusion of two separate, 
ganglia. The visceral ganglion is placed 
posteriorly very close to the heart. (4) A 
pair of buccal ganglia are situated on the 
buccal mass on the^ two sides of the 
oesophagus. (5) A single supraintestinal 
ganglion is located near the middle oi 
the left plejLiroviscornl connectives (Fig. 

17.24). 


Commissures. The nerve connections 
between two similar ganglia arc generally 
called the commissures . The ganglia are pla- 
ced on the opposite sides of the body. Two 
cerebral ganglia arc connected by a thick 
nerve cord called the cerebral commissure . 
The buccal ganglia are also connected by 
a dedicate buccal commissure. The inner sides 
of the plcuropedal ganglia are connected by 
a broad nerve called the pedal commissure . 

Connectives. The nerve connections bet- 
ween two dissimilar ganglia are usually 
called connectives . The ganglia may be 
.situated on die same or opposite sides of 
the body. The cerebral ganglia and the 
buccal ganglia are connected by cerebrobu - 
ccal connectives. Flic: plcuropedal ganglia 
are connected on each side with the cere- 
bral ganglion by cerebropedat and cerebro- 
pleural connectives. That the plcuropedal 
ganglia arc* formed by the fusion of sepa- 
rate pleural and pedal ganglia is indicated 
by the presence of an indistinct constric- 
tion and the existence of two separate 
connectives joining the cerebral ganglia. 
The pleural ganglion is connected with 
the visceral ganglion by a pleuravisceral con- 
nective on each side. '1 he right plemoviscercd 
connective lies below the level of the oeso- 
phagus and is generally designated as 
infrainlestinal visceral connective and the 
left plcurovisecral connective is situated 
above the level of the oesophagus and b 
termed as supraintestinal visceral connective. 
The supraintestinal ganglion is connec- 
ted with the right plcuropedal ganglion 
by an oblique nerve placed above the 
oesophagus called supraintestinal nerve. A 
very slender none called the infraintes- 
iinal nerve is present connecting the two 
pleural ganglia of two sides. 

Nerves to the different parts of the body. 

Each cerebral ganglion innervates the eye. 
the snout and the tentacles on its side. The 
staiocyst is also innervated by a slender 
nerve arising from the cerebral ganglion. 
The pedal ganglion gives out numerous 
nerves to the foot and the pleural ganglion 
supplies the mantle. The supraintestinal 
ganglion supplies nerves 40 the ctcnidium 
and the pulmonary sac. The Visceral gang- 
lion semis nerves to kidney, genital organ, 
pericardium and intestine. The buccal 
ganglion innervates the buccal mass. 

Chiastoneury in Pila. The nervous system 
of Pila exhibits streptoneurous chiasto- 
neury condition. This is the result of 
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Fig. 17.24. Nervous system of /‘tl-i. 


torsion of visceral mass which has made 
the whole of the nervous system asymme- 
trical. Tilt: complexities in the nervous 
system in Pila are due to complete migra- 
tion of the anal and genital openings to 
the oral end. The chi as lone uiy is not so 
clear in Pila and typical iigure-of-o-likc 
arrangement is not produced between the 
supra- and infraintestinal nerves. No cross- 
ing is possible on the right side because of 
the shifting and fusion of infra iie.estinal 
ganglion with the right pleural ganglion. 
The zygoneury (a secondary connection 
between pleural and supraintestinal gang- 
lia) is prescntronly on the left side. So the 
typical chiastoncurous condition with 
double z.vgoncury as seen in many gastro- 
pods is not clear in Pila. 

Sense organs 

The sense organs arc quite well deve- 
loped. 


Osphfadium. The ospln udium is the organ 
for taste. It helps to taste the chemi- 
cal and physical qualities of the incur- 
reut \vat*T and also assists in the selection 
of Ibod. There is only one osphratliurn 
which remains suspended from the roof 
of the pallial cavity on the left side. It is 
small in size, and is roughly oval in shape 
(Pig. 17.T~)Ai. Pig. 1 7.2al» shows the de- 
tailed .structures of osphraiflium in sec- 
tional view. It has a biped ijriate arrange- 
ment of its leaflets on the livo sides of a 
central axis. It consists of a -single epithe- 
lial layer enclosing nervous tissue, 
connective tissue and blood spaces. 

Tentacles, The labial palps and the true 
Unlades arc the tactile organs. 

Statocyst. 'The statocysts are two in num- 
ber and arc: situated one on each side of 
the nlcuropedal ganglionic .mass. Each 
has a round sac-like body (Pig. 17.2f)G) 
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I'ig. 17.2:’). Souse, organs in Pita. A. Ail entire nsphrudiuvu. B. Sectional \ iew oJ.lm mpln-.idimn. 
C!. A stalocyst. ID. Sectional view of an eye. 


and is kept in position by muscles. The 
centre of (he sac is occupied by a solid 
mass of calcareous particles known as 
sialolith. It is the organ of balance and gels 
its nerve supply from the cerebral gang- 
lion. 

Eyes. Two eyes are located one at the 
base of each longer pair of tentacles. Each 
eye has a elosed vesicle (Eig. 17.25D) with 
the inner wall lined by photosensitive or 
retinal cells. T he opening of the vesicle is 
covered by transparent outer and inner 
corneas. The cavity between the cornea 
and the retina is filial up with an oval 
body constituting the lens. Although, in 
Eila, the eyes have all the essential compo- 
nents for photoreception, it is very poor 
in sight. 


Reproductive system 

The sexes are separate but sexual dimor- 
phism is almost absent. 

Male reproductive system. The male 
reproductive system comprises of testis 
which lies in close contact with the diges- 
tive gland and occupies the upper two 
or three whorls (l’ig. 17.26A). T he testis is 
a flat plate-like structure and is more or less 
triangular in outline. It is cream-coloured. 
Many fine ducts— the vasTt efferent! a. origi- 
nating from the testis unite together to 
open into the vas deferens .* The vas deferens 
or male gonoduct is differentiated into 
(i) an upper tubular part; (it) a terminal 
glandular part and (Hi) a curved blind 
tube called vesical a seminal is in between 
the junction of the two parts of the vas 
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deferens. The penis is present in the form of 
a whip-like flagellum which is partially 
ensheathed by the penis sheath and situated 
on the right side of the body near the 
mantle opening. The penis sheath is a 
simple outgrowth from the inner surface 
of the mantle. The penis is a long Ha gel la r 
structure and is capable of great extension. 
Two types of spermatozoa are encountered 
in Pila, one is pear-shaped -Eupyrene type 
(Fig. 17.26B) and the other is worm-like 
Oligopyrene type (Fig. 17.26G). The 
eupyrene types are functional and are 
capable of fertilizing the eggs. 


albumen gland which secretes albumen and 
the posterior part is distinguished as the 
uterus. At the junction of the tubular and 
glandular portion of the oviduct there 
is the receptaculum seminalis or the sperma- 
theca where spermatozoa remain stored. 
The terminal part of the uterus is diff- 
erentiated as vagina. The male intromittent 
organ, the penis, is rudimentary and 
useless in female. The eggs are fertilized by 
spermatozoa coining from the sperma- 
theca. Fertilization is internal and ovi- 
position begins a day or two after copula- 
tion. The zygote, receives albumen and 
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fig. 17.2ti. Reproductive systems in l J ila (after Baini Prashad). A. Male reproductive system. 
B. Eupyrene sperm. G. Oligopyrene sperm. \). Fun-air genital system. E. t Muster of eggs. 


Female reproductive system. Th female 
reproductive system consists of a much 
branched orange coloured ovary situated 
in the upper whorl of the visceral mass and 
remains embedded in the digestive gland 
(Fig. 17.33D). Female gonoduct or the 
oviduct which is differentiated into an upper 
tubular part comes down along the edge 
of the liver. The lower glandular part re- 
mains on the floor of the mantle cavity 
parallel to the rectum. The glandular part 
is distinguishable into a yellow coloured 


a coating of shell in the! uterus. Few 
hundred eggs arc laid at a lime and they 
adhere together to form a mass (Fig. 
17.26E). Existence of rudimentary penis 
in female is a very remarkable occurrence 
and is suggestive of the fact that this group 
had hermaphroditic ancestor. 

Development 

1 he development occurs 4 outside the 
body of the female. The development of 
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Pila is direct and young snail develops whitish solid albumen. The outer part of 
from the fertilized egg. The embryo the egg consists of a white egg shell and a 
floats in a central core of liquid albumen double layered shell membrane beneath 
which is surrounded by a thick layer of the egg shell. 


Table 1 Mollusca 


COMPARATIVE ACCOUNT OF RESPIRATORY ORGANS IN UMU AND VUA 


J he respiratory system ol Lain and Pila is basically same. Minor variations 
observed in these two forms arc due to adaptation to different modes of life. Linio 
is exclusively an aquatic animal and the major respiratory organs are the gills or 
ctcnidia. Pila leads double life and lives in water as well as on land. As a consequence, 
besides gill, a special pulmonary sac or ‘lung’ is present in Pila for land respiration. 


Modes of 
respiration 

Respiratory 

organs 


Number of 
gill 


Structure of 
gill 


Gill lamellae 


Structure of 
gill filament 


Unio 

Aquatic. 

Primarily the gills. Highly vas- 
cular mantle also acts as an 
, accessory respiratory structure. 



j Two highly developed symme- 
trical gills are situated one on 
each side of the body. 

Complicated structure. Each 
gill has two plates -external and 
internal gilt laminae. Each gill 
lamina is also a double structure 
and is formed of outer and inner 
gill lamellae. 

There are two gill lamellae in 
each gill. They arc united all 
along excepting the dorsal side. 
The space between them is divi- 
ded into a number of compart- 
ments by vertical interlamellar 
junctions. These compartments 
are called water tubes. Between 
the gill filaments and bounded 
by wterfilamentar junctions 'here 
are minute apertures (ostia) 
leading into the water tubes. 


The gill filaments are extremely 
elongated structures. Each fila- 
ment is covered by ciliated epi- 
thelium. It is supported by chiti- 
nous rods and the cavity is filled 
with blood. 


Pila 

Both aquatic and terrestrial. 


Aquatic respiratory organs arc 
mainly the gill and mantle acts 
as an accessory organ. Terrestrial 
respiration is done by pulmonary 
sac or lung. 

Single gill is situated on the right 
portion of the mantle cavity. 


Simpler construction. Each gill is 
composed of numerous triangular 
gill lamellae. These lamellae are 
arranged in single row parallel to 
one another along the gill axis. 

There are numerous gill lamellae. 
The basal end of each gill lamella 
is attached to the pallial epithelium 
and the other end hangs freely to 
the mantle cavity. 


The gill filaments are lined by 
ciliated epitheliitm towards the 
free end and the basal portion is 
composed of non-ciliated epithelial 
cells and few glandular cells. 
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Table 1 - Mollusc a (contd.) 



Unio 

PlLA 

Suprabran- 
chial chamber 

During respiration water from 
the water tubes enters into the 
supra branchial chamber and finally 
from this chamber water goes 
out through exhalant siphon. 

There is no such structure in Pila. 
After gaseous exchange the water 
goes out of the mantle cavity 
through the right siphon. 

Pulmonary 

sac 

Absent, because Unio lives ex- 
clusively in aquatic medium. 

i 

Pila utilises atmospheric oxygen 
by a pulmonary sac. It is a closed 
sac excepting an opening on the 
roof of the mantle. The dorsal wall 
of this sac is highly vascular and. 
helps in gaseous exchange. 

Nuchal lobes 

Absent. 

The nuchal lobes form siphons and 
help in the process of respiration. 


'Fable 2 — Mollusca 

COMPARATIVE ACCOUNT OF NERVOUS SYSTEM OF UNIO AND PILA 
Like other molluscs, the nervous system of Unio arid Pila includes ganglia, rom- 
missurcs, connectives and nerves. 'Flic differences observed in them are thcr result of 
chiastoneury in Pi la. 



Unio 

Pila 

Configuration 

i 

i 

The nervous system is symme- 
trically arranged on two sides of 
the body. 

1 he nervous system assumes 
asymmetry due to torsion of 
visceral hump. 

Disposition of | 
ganglia j 

i 

The ganglia are widely separat- 
ed by long connectives. 

The ganglia, particularly at the 
anterior side, show the tendency to- 
j wards concentration due to shorte- 
! ning of nerves between the ganglia. 

Cerebral 

ganglia 

Two in number. These ganglia j 
are to be called eerebropleural 
| ganglia. Each ganglion is 

j formed by the fusion of cere- 
| bral and pleural ganglia of the 
side. The ganglia are roughly 
triangular in outline and situat- 
ed on the antero-dorsal corners j 
of the mouth at the base of labia) j 
palps. These ganglia arc connec- 
ted by the cerebral commissure. 

Two in number. 'They are also 
roughly triangular in outline and 
are situated on the dorso-lateral 
side of the buccal mass. The cere- 
bral commissure is very thick. 

i 

Pedal ganglia 

It is a bilobed ganglionic mass 
formed by the fusion of two sepa- 
rate pedal ganglia. It is located 
at the junction of the visceral 
mass with the foot. 

The pedal ganglia; have no sepa- 
rate existence. They become fused 
with the pleural ganglia. On each 
ventro-lateral side of the buccal 
mass a largL plcuropedal ganglion 
is present. The pedal and pleural 
ganglia are separated by an in- 
conspicuous median ’constriction. 
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Table 2 — Mollusca (contd.) 


Pleural 

ganglia 


Unio 

They have no separate exist- 
ence and become (used with 
cerebral ganglia. 


Pi la 

They arc present and each becomes 
fused with pedal ganglion of its side 
to form pleumpedal ganglion. 


Visceral 

ganglia 


It is a large bilobed ganglion 
formed by the fusion of two vis- 
ceral ganglia. It is situated pos- 
teriorly on the ventral side of 
the posterior adductor muscles. 


bike that of I nio it is also a 
bilobed structure and formed by 
two visceral ganglia. It is placed 
posteriorly very close to the heart. 


Buccal 

ganglia 


Absent. 


Two in number, situated on the 
dorsal side of the buccal mass on 
the two sides of the oesophagus. 
These two ganglia arc connected 
by buccal commissure and are 
connected with the cerebral by 
c ere 1 > rob u c c a 1 co n nec t i v es . 


Intestinal 

ganglion 


Absent. 


! 


Only supraintestinal ganglion is 
present on the left side. Infra- 
intestinal ganglion is fused with 
the right plcuropedal ganglionic 
mass. The supraintestinal nerve 
has the normal position, but the 
i infrainstestinal nave is present. 
! connecting the two pleural 
j ganglia. 


Pedal 

commissure 


Absent. 


j 

i Broad commissure connecting the 

j plcuropedal ganglia is present and 
: situated above the infrain test inn! 


| nerve. 


(Connections 
between 
cerebral, 
pleural and 
pedal ganglia 

Chiastoneury 


A pair of cercbr opcdal connec- | 
tiv'’S connect the eerebropleuralj 
ganglia with the pedal. | 


Absent. 


Each cerebral ganglion is con- 
nected with the pleumpedal gang- 
lionic mass by a pair of thick con- 
nectives cenebro pleural and ccrc- 
bropedal connectives. 

Chiastoneury with Zygoncury is 
present on the left side. Typical 
chiastoneurous configuration of the 
pleurovisceral nerves like the figure 
‘S’ is not produced. This unusual 
chiastoneury is resulted due to 
gradual migration and fusion of the 
infra intestinal ganglion with the 
right plcuropedal ganglYfcnic mass. 


Example of the FRylum Moi.lusc.a eific islands. The anatomical organisation 

ACJIAT1NA of Achatina is more or less similar to that 
Achatina (ljssachatina) fulka is a common of Pila although they belong of diff- 
giant land snail of India and the Indopa- erent orders of the class Gastropoda. The 
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anatomical peculiarities in Achatina arc West Bengal, Orissa and some districts 
due to adaptation to land life. of Bihar. 

Distribution Habit and Habitat 

Achatina fuiica is a native of Africa. v Achatina is a terrestrial pulmonale and 
They are found today in some parts of inhabits open grasslands, gardens and simi- 

India, Pakistan, Bangladesh and the lar habitats. They prefer humid areas. They 

Indopacific islands. In India, they are are mostly nocturnal and spend the day- 

abundant in the northern and eastern time under stones, wooden logs and plants, 

parts of West Bengal and the Balasore They are found to climb vertical walls and 

district ot Orissa. They are rare in trees up to the height of about :V8 m. 

the western districts of the state of They aestivate during summer to react 



l ig. 17.27. External features of Achatina. A. Lateral view. B. Dorsal view. G. Ventral view. 



PHYLUM MOLLUSCA 


529 


jnpending desiccation. They exhibit diver- 
gent food habits. They arc herbivorous 
and eat the vegetation available in the 
area. The presence of well-developed two- 
lobed crop in Achatina is an adaptation to 
devour maximum quantity of food and to 
store them for future use. Although Acha- 
tina is primarily a herbivorous mollusc, 
it equally prefers to take dead insects and 
snails. It lias been reported by Ghose 
(1963) that Achatina takes pieces of meat 
in laboratory. 

External structures 

The shell covering the body is elongated 
and the operculum is absent. The shell is 
of light horny colour. The columella and 
whorl of the shell is whitish in adults. The 
head is comparatively long (Fig. 17.27A') 
and can be projected to a great extent 
(Fig. 17.271V). Kyes are two in number 
and are placed at the lip of the longer 
tentacles. The longer tentacles are desig- 
nated as the a , tentacles which can re- 
generate fully with all their component 
parts. Besides these long tentacles, there are 
a pair of small r u viral tcnlades in the snout. 
Genital aperture is located on the. right 
side posterior to head. The foot is flat 
and is modified for creeping by the 


buccal mass 



I 4 ig. 17.28. Direction of 'Achatina showing the in- 
ternal organs. 

34 [vol. i, 76] 


large ventral sole (Fig. 17.27G). The 
foot is provided with a large tubular slime 
gland which produces profuse quantity of 
slime. The mantle cavity is closed except- 
ing tin' right-hand side near the pulmonary 
aperture. Removal of mantle shows the 
disposition of the internal organs (Fig. 
17.28). 

Coelom 

In Achatina , the internal spaces arc 
hacmococlic. The true coelom is res- 
tricted within the pericardial cavity and 
die cavity around the gonad. 

Digestive system 

The digestive system in Achatina is 
remarkably simple. This simplicity is 
correlated to terrestrial life. The digestive 
system consists of alimentary canal and 
digestive glands. The alimentary canal 
comprises of buccal mass, oesophagus, 
crop, stomach, intestine and rectum. 
The digestive glands are the. salivary and 
digestive glands (Fig. 17.29). 



fig. 17.29. Digi-stiw system of Achatina (after 
(those !. 


Mourn: It is a semicircular opening 
daccd centrally to the anterior part of the 
nou I. It encloses a small cavTv^ (vestibule) 
josteriorly. The labial palps are placed 
lorsal io the corners of the mouth. 

Buccal mass: The anterior part of the 
dimentary canal becomes modified into 
die buccal mass. The buccal mass is thick- 
walled and muscular. It is broader at the 
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posterior end and narrower anteriorly. 
The buccal mass can be protracted and re- 
tracted by sets of protractor and retractor 
muscles respectively. The buccal mass has a 
complicated structural construction. The 
mouth opens into the buccal cavity and is 
guarded dorsally by semicircular jaw on the 
dorsal surface. The jaw is composed of a 
homogeneous cartilage. The jaw is operat- 
ed by powerful sphincter muscle. The vent- 
ral surface of buccal mass is formed by the 
sphincter muscle. The radula is present on 
the floor of the buccal cavity. It is a ribbon - 
like structure with a blunt posterior end 
and a narrow anterior end. It contains 
140 rows of teeth, each row having 
129 teeth. The radula is operated by well- 
developed extrinsic muscles. The forward 
movement: of the radula is caused by the 
anterior and antero-ventral radular pro- 
tractor muscles. The backward pull is 
effected by the radular retractor muscles. 
The radular sac starts from the postcro- 
ventral side of the buccal cavity while the 
oesophagus and the salivary glands run 
from the dorsal surface. The radular sac 
contains a central rod called collostyle. This 
rod is oval in shape and small in si/e. It is 
composed of white dense connective tissue 
elements. The buccal cavity is lined with 
a thin cuticular layer. The cavity is divi- 
sible into two chambers. The anterior 
chamber is tubular and the posterior 
chamber is dorsally compressed .and 
arched. The peculiar configuration of the 
posterior chamber is due to the presence 
of an odontophore. The main body of the 
odontophore is formed by the buccal 
cartilage. It is horscshoc-shapcd and 
supports the radula. 

Oesophagus: The buccal cavity leads 
into a narrow thick-walled tube called 
oesophagus. The inner wall is ciliated and 
bears longitudinal folds and is covered ex- 
ternally by flattened epithelium. The 
oesophageal glands arc present in the wall. 

Crop: The crop is a spacious thin- 
walled sac. The junction of the oesophagus 
and crop is marked by the large lumen 
of the latter* Tlfe crop is divided into an 
anterior ard a posterior chamber. A cons- 
triction is present between the two cham- 
bers which acts as sphincter and regulates 
the passage of food materials. The posterior 
chamber opens into the stomach by a 
round aperture. A short and wide duct 
from the digestive gland opens into the 


posterior chamber. Histological picture 
of the crop shows the presence of the fol- 
lowing layers : 

(/) Innermost layer — composed of colu- 
mnar epithelium. Often ciliated and inter- 
spersed goblet cells are present. 

(ii) The outermost: layer consists of 
muscles which are differentiated into an 
outer circular muscle layer and an inner 
longitudinal muscle layer. 

Stomach: The crop opens into the 
stomach which remains embedded in the 
digestive gland. The stomach is a thick- 
walled heart-shaped structure. The crop, 
stomacli and intestine form an ‘U’-like 
configuration. The base is formed by the 
stomach and the limbs are formed by the 
crop and intestine. The wall of the stomach 
is muscular. The epithelium is ciliated 
with numerous gastric, glands. A digestive 
duct opens into the posterior part of the 
stomach. 

Intestine: The intestine is an elongated 
coiled tube. It ends in the rectum. The wall 
is thin with patches of longitudinal fibres 
and intestinal glands. 

Rectum: The rectum is a straight lube. 
It runs along the. posterior wall of the 
mantle cavity and terminates in anus. The 
anal region of the rectum bears strong mus- 
cular folds which serve as sphincter. 
The wall is thin and the longitudinal and 
circular muscles are present. The epithe- 
lium is ciliated with rectal glands. 

Two salivary glands and one digestive 
gland are associated with the alimentary 
canal. 

Salivary glands: The salivary glands 
are elongated paired structures. 'These 
glands are cream-white iri colour. They 
are united posteriorly but are free an- 
teriorly. The salivary ducts open into the 
buccal cavity. These glauds are mans' 
lobed structures and each lobe is composed 
of mucous and serous alveoli .. The secretion 
of the ialivary glands is ppured into the 
buccal cavity. 

Digestive gland: The digestive gland is 
a large spirally twisted gland. It is bilobed 
and divided into an anterior lobe and a 
posterior lobe. The duct from the anterior 
lobe opens into the crop while the duct 
from the posterior lobe opons into the 
stomach. The digestive gland is composed 
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of numerous lobules. Each lobule is com- 
posed of four types of cells. Storage , 
calcifermis , vesicular and pseudopodial cells 
are claimed to be present. All the. 
cells excepting the calciferous cells are 
digestive in function and they are of 
columnar type. The calciferous or lime 
cells are roughly triangular in shape with 
granules of calcium phosphate. 

Locomotion 

Achatina moves by the foot. The foot is 
very much elongated and has a flat ventral 
sole. The secretion of Lhe slime gland and 
the musculature of the foot help in pro- 
gression. It moves on the substratum by- 
producing waves of contraction passing 
from the posterior to the anterior end along 
the sole. The sole is lifted from the sub- 
stratum at the sites of contraction waves 
and proceeds forward as the areas between 
the waves again restore contact with the 
surface. By such alternate process of lift- 
ing from smT:., ' M nil making contact with 
the substratum Achatina moves very slowly 
from one place to another. 

Respiratory system 

Achatina is exclusively terrestrial and 
respires by the mantle cavity which trans- 
forms into pulmonary sac or the so-ealled 
lung. The wall of the mantle cavity is 
highly vascular. 


Circulatory system 

The heart of Achatina is compost'd of* 
one auricle and 011 c ventricle (Fig. 17. 30 A;. 



Fig. 17.30. Structure ol' heart of Achatina . 
A. Intact heart. B. Longitudinal sectional view 
(after Ghosc) . 


The heart is enclosed b\ pericardium. The 
pericardial chamber is situated on the 
left side of •the mantle and lies parallel 
to the kidney. The pericardial chamber has 


an elongated oval appearance. The peri- 
cardium is a closed sac except for the reno- 
pericard ial opening. The pericardial 
chamber is narrower towards the ventri- 
cular end and broader at the auricular 
end. 'The pericardium is fused with the 
apex of the ventricle near the base of the 
aortic ampulla. The auricle is also fused 
with the pericardium. The pericardium is 
a tough membrane consisting of inter- 
woven muscle fibres. 

T1 >e auricle is a thin-walled wine-glass- 
shaped chamber. The narrow auricular 
apex is continued with the pulmonary 
vein. The wall is provided with longitu- 
dinal, transverse and oblique-branched 
muscle strands. These strands form a 
coarse mesh work and reduce the cavity of 
the amide (Fig. 17.30B). The ventricle is 
a conical chamber with a narrow apex 
and a broad base. The wall of the ventricle 
is thick and spongy. The muscle 111 ires 
form prominent ridges on the inner side 
of the ventricle. The myocardium is made 
up of non-striated, ra milled and syncitial 
muscle fibres. The auricle communicates 
wirli the ventricle by the auriculo-vcntri- 
cular aperture. This aperture is guarded 
by two semilunar valves. The ventricle 
gives off an inconspicuous aortic ampulla. 
The walls of the vcntriculo-ampullar and 
puhno-auricular apertures are provided 
wiih concentric sphincter muscles which 
act like valves. The aortic ampulla is form- 
ed by the bases of the aortae. Two arteries, 
viz. a cephalic artery and a visceral artery 
arise from the apex of the ampulla. These 
arteries supply blood to the different parts 
of the body. The blood from the different 
parts of the body is collected in sinuses 
and from these sinuses blood returns to 
auricle by veins. 

Excretory system 

The excretory system consists of 
kidney. Originating from the anterior end 
of the kidney, the ureter runs along a 
groove to the posterior end. The kidney is a 
singlc-lobed body adherent to the mantle. 
It is a spongy, elongated organ of dull 
grayish colour. It: is situated aP^ie postero- 
lateral part of the mantle cavity and lies 
parallel to the heart. > The kidney has a 
peculiar configuration (Fig. 17.31). It has 
a narrow and rounded anterior end while 
the posterior part is broader and crescent- 
shaped. The kidney is made up of numerous 
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narrow folds enclosing an inconspicuous 
central lumen. The. ureter is divided 
into two portions — the adrenal ureter and 
the adrcctal ureter. The adrectal ureter 



proceeds anteriorly in close contact with 
the rectum while the adrenal ureter runs 
by the postero-latcral side of the kidney. 
The adrectal ureter opens to the exterior 
by the renal aperture located close to the 
anus. 

The kidney is bounded by a thin capsule. 
This capsule is fused with the ventricular 
end of the pericardial chamber leaving a 
small rounded renoperi cardial aperture. This 
aperture leads into a short and ciliated 
slender passage. The passage becomes 
extensively branched to open into the 
cavity of the kidney. The kidney gets blood 
supply from the renoinkstinal artery of 
the cephalic aorta. The urine is stored in 
the lumen and the ureter. The urine also 
helps to keep the surface of the mantle 
moist. -Normally the rate of discharge of 
urine Is slow but during aestivation this 
rate is slightly higher. Uric acid exaction 
increases during^ aestivation in Achatina. 

Nervous system 

The nervous system of Achatina consists 
of cerebral, pleural, parietal, visceral, 
pedal and buccal ganglia. The parietal, 
pleural, visceral and pedal ganglia form 
a ring. The cerebral, pleural, pedal and 


visceral ganglia are concentrated in the 
head region due to shortening of the 
nerves between them. All these ganglia 
are paired excepting the visceral which is 
unpaired and shows the tendency towards 
fusion with the pleural. The pleural and 
pedal ganglia are separate and are con- 
nected with the cerebral ganglia by con- 
nectives. All these ganglia are located 
around the oesophagus and thus form a 
circumenteric nerve ring. The ci ret nnent eric 
nerve ring on the ventral side of the oeso- 
phagus forms a visceral nerve chain. 
Based on the disposition of ganglia on the 
visceral nerve chain the nervous system 
is designated as the tynitaid type. 'This 
chain has five ganglia one visceral, two 
parietals and two pedals, but they are 
very closely set. The cerebral ganglia are 
rounded bodies situated dorsal to the 
oesophagus and behind the buc cal mass. 
From each ganglion several nerve's, viz. 
ocular nerve, nmmatophoral nerve, superior frontal 
nerve* inferior frontal nerve . posterior oesopha- 
geal nerve, eerebrobuceal connective . nuchal 
nerves and labiotentamlar nave originate to 
supply the head and the anterior region 
of the visceral stalk (Fig. 17.32). The 
buccal ganglia are paired arid connected 
by a narrow transverse commissure*. The 
buccal ganglia supply nerves to the buccal 
mass. The pleural ganglia, supply nerves 
to the middle portion of the visceral stalk 
while* the parietal and the visceral ganglia 
supply nerve's to the* base of the visceral 
stalk. The pedal ganglia are* massive and 
give off nine pairs of nerve's to the loot. 
The nervous system becomes condensed 
due to reduction of all commissures and 
connectives between the different ganglia 
and consequent fusion and approximation 
of ganglia. Untwisting and gradual short- 
ing of tile; visceral chain have caused the 
cephalic concentration of the ganglia. 
Distinct chiastoneury is not observed in 
Achatina. The pall io- parietal nerve arising 
from the left side of the visceral ganglion 
turns to the right and proceeds along the 
right mcdio-parictal nerve*. This compli- 
cation is due* to head -foot torsion. 

Sense organs 

Achatina is provided with well -deve- 
loped sense organs. The sense organs are: 

(a) Eyes: Two eyes, one at the tip of 
each large tentacle (ocular tentacle) are 
present. Each eve appears as small black 
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l 'ip. 17.152. N r rr\ ous wstrm of . icluilina. Tlu? r.cnbnil ganglia arc ,u iiially placed very closolv. 
I ni convenience and easy understanding they have been set apart (after (ihose). 


dot and consists of an miter cornea, an 
inner cornea, a structureless lens and a 
re! ina. 

(b) Olfactory o roans : Four olfactory 
organs, two at cadi tentacle, are present. 
An olfactory organ consists of a club- 
shaped olfactory ganglion. 

( c ) Statooysts: Two statocyats are the 
organs for balance. A statocyst is placed 
on the dorsolateral side of the pedal gang- 
lion. The statocysls are spherical sac-like 
structures lined by fibrous tissue. The 
» avitv is filled with elliptical statoconia. 

(d) Tactile organs: The ventral ten- 
tacles, foot and snout act as tactile organs. 

Reproductive system 

Aehatina is a hermaphroditic animal. 
The reproductive system consists of the 


following structures: (a) an ovolestis (her- 
maphroditic gland), (, b ) an ovolestis duct, 
U) a spermovidm t with prostatic acini, 
(•■/) a vas deferens with penis, (<•) an ovi- 
duet with vagina and (f) a genital atrium 
opening to the exterior through the genital 
aperture (Fig. 17.33). 

Ovotestis : The ovolestis is a nuilti- 
lobate body embedded in the posterior 
iobc of the digestive gland, There are lour 
or five finger-like lobes in the ovotestis. 
Each lobe has many lobules. Most of such 
lobules produce sperm cells AJiile a few 
produce both ova and sperm cells. 

Ovotestis duct: Each lobe of the ovo- 
testis produces a duct and these ducts of 
the lobes unite together to form a single 
ovotestis duct. This duct opens into 
the spermoviducl. The ovotestis duct is 
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divisible into three parts: (m The first or the 
apical ovolestis duel is a narrow straight tube 
which opens into (J?) the rwispenn e* tide 
where the sperms lemain Mnred. it is 
much folded and held together by a thin 
layer of connective tissue. The third part 
or (iii) basal or o testis duet is a narrow and 
twisted duct. 

Alb cmen gland: The basal ovolestis 
duct is placed against the conea\e face of 
the albumen gland and enters into it. 
The albumen gland is a cream- white gland 
which enlarges during breeding season. 
It is composed of many vesicles and en- 
closed by a capsule. The vesicles open into 
a ciliated albumen canal which leaves it 
as a short albumen duct. 

Spermoviduct: The ovotesiis duct opens 
into the spermoviduct which receives 
secretion from the prostatic acini. Each 
prostatic acinus is composed of many 
alveoli which open into a central pros La tic 
canal. 

Uterus: The uterus is divided into an 
apical and a basal part. The wads of the 
apical and basal uteri are much folded. 
The basal uterus opens into a tubular 
oviduct. The ^ncrmathecal duct opens 
into the ari^rior part of the tubular ovi- 
duct. The tubular oviduct ends in the 
vagina. The vagina is divisible into a 
tubular apical part and an anterior 
expanded basal part. The basal part opens 
into the genital atrium . 

Vas deferens: The vas deferens re- 


mains in continuation with the sperm 
groove or sulcus. The sulcus is a narrow 
incomplete passage running along the 
inner concave edg*- of the spermoviduct. 
The sulcus is separated from the uterus by 
two folds of the wall of the. spermoviduct. 
The vas deferens, on reaching the posterior 
end of the basal vagina* turns left and enters 
the penis. The penis is a cursed muscular 
organ which continues anteriorly as the 
penial prepuce to open into the genital 
atrium. The genital atrium opens to the 
exterior through the common genital aper- 
ture. The common genital aperture, as 
stated earlier, is situated on the right side 
and posterior to the head. 

Development 

The fertilized egg of Achat ina divides 
into a number of cells by total and spiral 
cleavages. The first two cleavages are 
equal. The subsequent cleavages are un- 
equal. The blastula is a codoblastula and 
embolic type of gastrulation occurs. After 
passing through developmental stages, the 
embryo transforms into a modified vcligcr 
stage, (hislrulation is completed by 36 
hours and the embryo grows rapidly to 
assume an elongated configuration. Subse- 
quently the blastopore is shifted dorsally 
and the ventral lip elongates to form the 
foot-rudiment. The. visceral hump begins 
to differentiate anlcro-dorsally to the 
blastopore. The prototroch becomes 
distinct which develops cilia J:o transform 
into the velum. The embryo at about 48 
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hours stage resembles a veliger larva. The 
development of Achatina beyond the 
veliger stage occurs in subsequent stages. 
The whole process is completed by 15 
days. 

Example of the Phylum Mollvsca — 

NEOPILINA 

Neopilina gala the a e is a living representa- 
tive of the class Monoplaeophora. This 
newly discovered species possesses peculiar 
admixture of molluscan and annelidan 
features. Neopilina is a very primitive 
member amongst the molluscs and repre- 
sents a sort of connecting bridge between 
the annelids and molluscs. There arc 
many fossil relatives of this genus which 
were quite abundant in Cambrian to 
Devonian strata. The genus, „ Neopilina , 
was collected from the western coast of 
Maxico. This discovery has added new 
dimension as regards the phylogenetic 
relationship of the molluscs as a whole 
with the anni-ru* The Danish Zoologist, 
Lena he first collected the species in 1952 
from the assorted molluscs collected in 
Calalhcn expedition. Another species was 
discovered ( luring the voyage of American 
Research vessel, Verna in 1958. The 
anatomy of Neopilina gal at heat’ was ex- 
haustively worked out by Ternehe and 
Wings! rand (1959... 

Habit and Habitat 

Neopilina is a deep-sea variety and 
was collected from the Pacific Ocean at 
depths from 2500 to 5000 m. Neopilina 
lives in mud and feeds mainly’ on 
foraminifera. It also takes radiolarians 
and diatoms as evidenced by their remains 
in its stomach. 


External structures 

The body of Neopilina is more or less 
bilaterally symmetrical and exhibits meta- 
meric segmentations like annelids. Neo- 
pilina galatheae is about 3*7 cm long, 3*3 cm 
wide and T4 cm high. The dorsal side of 
the body is covered by a thin shell. The 
shell is circular in outline. 'The apex of 
the shell is drawn anteriorly and is slightly 
bent (Fig. 17.34A). The shell is composed 
of a prismatic and a nacreous layer, covered 
over by periostracum . These three layers of 
the shell arc formed from the margin of the 
mantle. The soft parts of the body ar e seen 
only from the ventral side. There is a large 
fiat foot like that of Chiton. Surrounding 
the foot and head there is a deep pallia! 
groove containing five pairs of gills. The 
mouth is situated medially in front of the 
foot and the anus is located posterior 
to the foot (Fig. 17.3415). In front of 
the mouth there is a transverse labial 
swelling which prolongs laterally into 
two ciliated lobes, one on each side. 
1 he.se ciliated lobes are comparable 
to the anterior labial palps of Lino. An- 
terior to the transverse swelling there is 
a pair of small preoral tentacles. There is a 
swollen labium which bears a number of 
postural tentacles on the anterior surface. 
There are eight pairs of dorso-venlral muscles 
in Neopilina (Fig. 17. 35 A). These muscles 
originate from the shell and extend to the 
median Avail of the pallial groove. The 
dorso-ventrai muscles correspond to the 
columellar ino des of the gastropods. 

Coelom 

The coelom is represented by a caudal 
pericardium and two pairs of spacious 
gonocoels. 




14g. 17.34. External feat ures of Neopilina. A. Dorsal view. B. Ventral view. 
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Digestive system 

The mouth leads into the buccal cavity 
which is covered by a cuticular plate. The 
pharynx extends to the dorsal side and 
bears a radular sac with a radula. The 
pharynx produces a pair of long, thin- 
walled diverticula called the fore gut gland. 
The stomach contains a crystalline style in 
its median diverticulum. The stomach 
bears a pair of large folded midgut glands. 
The stomach continues as a coiled midgut 
(Fig. 17.35B) to end in the anus. 


body and is collected in different sinuses 
like other molluscs. 

Excretory system 

The excretory organs are six pairs of 
nephridia . The nephridia are designated 
as the metanephridia which lie at the bottom 
of the pallial groove. A metancpl iridium 
has the appearance of a folded sac which 
opens to the exterior by nephropore near the 
gill. The metanephridia are modified 
coelomoducts. 


Pedal cord Moulh Cerebral ganglion 

Pleural tentacle 

^7[^\7Ple( j ropedal connectives 

^#> Nephropore 

Nephridium 

— Gonad 



Anus - 


^ n Heart 


Dc: seven! rc I muscle 
ferent y.-H sinus 


Foregut glana 


'^^Midgut gland 



— Anus 


Fig. 17.35. Internal organisation (A) and digestive system (B) of AivpiUna. 


Locomotion 

There is a large flat ventral foot which 
occupies almost whole of the ventral side 
of the body. It is modified for creeping 
movement. 


Respiratory system 

The respiratory organs of Neopilina are 
the gills attached to the dorsal side of the 
pallial groove. There are five pairs of gills in 
Neopilina galalheae while in Neap Hina eivingi 
there are six pairs. The posterior gills 
have lamellae usually on one side, while 
the anterior ones have lamellae m both 
sides. The gills are supplied with blood 
by the afferent gill sinus to be returned by 
efferent gill sinus j[Fig. 17.36). 


Circulator^ system 


The heart consists of two pairs of auricles 
and two ventricles. The ventricles are 
located on the lateral side of the liindgut 
and continue as a single aorta. The aorta 
supplies blood to the different parts of the 


Nervous system and Sense organs 

The nervous system is primitively built 
and corresponds to the Ladder-like arrange- 
ment of Chiton. 'Two ill-developed cerebral 
ganglia , one on each side of the pharynx 
are present. T he cerebral ganglia a re- 
connected by cerebral commissure which 
encircles the mouth. The cerebral ganglion 
and its commissure innervate the preoral 
tentacles, labrurn, oral lobes and subra- 
dular organ. The pedal cords innervate 
the foot. The pleural cords send nerves 
to the mantle, gills and nephropores. 
I he sense organs of Neopilina include a 
pair of statocysts , a subradular organ and 
preoral tentacles. The pedal and pleural 
cords are connected posteriorly to form 
loops with many cross-cotinections bet- 
ween them. Such an arrangement in the 
nervous system speaks of primitive organi- 
sation. 

« 

Reproductive system 

Neopilina is a dioecious animal. The 
gonads are paired ventral organs (Fig. 
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17.36) which open into the third and fourth 
metanephridia. These metanephridia act as 
the gonoducts. The sperms and ova are 
discharged through nephropores. Accessory 
reproductive glands are lacking. 


Coolom 


Aoria 


idqut ^ r 


Afferent gi!! sinus 



,Pleurol nerve 

Metonephros 4 

Nephropore 4 

^-Efferent 
gill p.mus 

Shell 


Pedal nerve 


Fig. 1 7.3(1. 1 )iagramniatic transverse sectional 
view of Neopilina. 


Relationships of Neopilina with other 

Molluscs 

Neopilina possesses many peculiar fea- 
tures which make the precise relationship 
of it debatable The melarncnc arrange- 
ment of dorso-ventral muscles, gills, neph- 
ridia and gonads establish its phylogenetic 
relationship with the annelids. As regards 
its intraphylar position, it shows many 
similarities with Chiton , Nautilus and many 
gastropods. The location oi the body in the 
shell corresponds closely to that of Nautilus. 
f eatures common in Neopilina and Chiton 
are the shape of body, the Hat ventral fool, 
the shell covering the head and mantle, 
many dorso-ventral muscles, auricles, nu- 
merous gills, etc. But Neopilina diUcrs 
from Chiton by having a single shell, 
statocysts and the nephropores functioning 
as the gonoducts. It is claimed that tlu* 
gastropods have evolved from Neopilina 
via Nautilus-like form which has a symme- 
trical shell. In gastropods, torsion of the 
visceral mass has resulted the asymmetrical 
configuration, reduction of dorso-ventral 
muscles into a single columcllar muscle!, 
reduction in the number of gills and 
metanephridia and many other features. 

Example of the Phylum Molli sca 

SEC I A 

Sepia is a typical representative of the 
class Cephalopoda. Members ol this class 
show highly specialised and complex struc- 
tural organisation amongst the molluscs. 
Description of Sepia will give a general 
idea about # the cephalopod organisation. 
Sepia is popularly known as cuttle fish. 


Habit and Habitat 

Sepia is exclusively marine and usually 
remains near the surface of w ater. They are 
good swimmers. They usually swim at 
night and rest flat on bottom during day- 
time. The lateral tins, funnel and the arms 
help in swimming. Their flattened bodies 
indicate their sand and mud-dwelling 
habit. They can make burrow by using the 
funnel and use fins as shovel to cover the 
body with sand. They usually move in 
groups (Gregarious). They arc carnivo- 
rous and live on small fishes, crustaceans 
and other small animals. 


External structures 

The body is divided into a distinct head 
and an elongated dorso-vcntrally flattened 



Fig. 17.37. A. Dorsal view of Sepia. B. Structure 
of a sucker in Sepia. 
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trunk. A narrow neck connects the head 
with the trunk. The head hears two well- 
formed eyes and ten oral arms. The mouth 
is surrounded by the bases of the ten long 
oral arms (Fig. 17.37A). Excepting the 
fourth pair, all the oral arms have convex 
outer and Hat inner surfaces. The inner 
surface possesses four longitudinal rows of 
suckers which help to grasp the prey or 
foreign bodies. The fourth pair of the arms 
are comparatively longer and are called the 
tentacles. The tentacles have suckers res- 
tricted to the thickened tips. Each sucker 
is a muscular cup-like body. The rim of 
the sucker has small horny teeth and the 
whole sucker rests on a short stalk (Fig. 
17.37B). During breeding season the fifth 
arm on the left side (only in males), be- 
comes modified into a hectocotylized arm 
which helps in copulation and such a 
change is known as hectocotylization. The 
oral arms are modified foot and an* inner- 
vated by pedal ganglion. 

The trunk is covered by a thick mantle. 
Communicating with the mantle cavity a 
large tube known as funnel is present on 
the mid- ventral side of the oral end. The 



Fig. 17.38. Mantle cavity is opened from the 
ventral side in Sepia to show the disposition of 
internal struct tires. 


margin of the body has lateral, thin, mus- 
cular folds called the fins. 

The shell is internal and is bilaterally 
symmetrical. The shell is a flat ovoidal 
structure and is composed mostly of cal- 
careous matter, it supports the body 
as an endoskeleton and is also known 
as cuttle bone. Living Sepia t an change 
its colour due to the presence of chromato- 
p/tores in the integument. 

Sepia has a complicated structural orga- 
nisation. A longitudinal incision of the 
mantle through the mid-ventral line will 
show the disposition of internal structures. 
The internal organs occupy die major 
portion of the mantle cavity (Fig. 17. oil). 

Coelom 

The true coelom is represented by the 
viscero-pericardial coelom and die cavi- 
ties in the kidney. The viscero-pericardial 
coelom is divided into two parts -the 
anterior is the pericardial cavitv and die. 
posterior is the gonoeoel. 

Digestive system 

Sepia feeds on small fish and Crustacea 
specially prawn. The circlet of eight 
short arms help in capturing the prey 
and bringing it to the mouth. The mouth is 
bounded by a circular lip within which 
a pair ol powerful jaws are lodged. The 
jaws help iu cutting the food into small 
bits. Flic circular lip is provided with 
many papillae. Mouth leads into the 
buccal cavity possessing an odonhpiwre and 
the radida. lbe radula is relatively weak. 
The buccal cavity descends as a straight 
narrow' tube called oesophagus, which 
in turn opens into a round stomach. The 
stomach is represented by two separate 
chambers communicating by a sphincter. 
1 he first chamber is railed gizzard. It is 
muscular and strongly-built. The other 
chamber is the caecum. It is thin-walled. 
Tfie caecum leads into ih$ intestine. The 
intestine runs parallel to the oesophagus, 
continues towards the oral end as rectum 
and ultimately terminates ill to the mantle 
cavity by anus (Figs. 1 7.39 arid 1 7.40). Two 
pairs of salivary glands are present. 'Flic 
anterior pair of salivary glands produce 
mucus. The posterior 1 pair may show the ten- 
dency towards fusion and produce mucus, 
digestive enzyme (protease) apd a number 
of poisons (inclolic and phenolic amines). 
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Two sets of digestive glands arc present. 
The ducts of the digestive glands open at 
the junction of the two chambers of the 
stomach. Of the two sets of digestive 
glands, the larger one is formed by the 



fusion of a pair of brownish glandular 
lobes. The ducts from the larger one enter 
into the stomach near the point of origin of 
caecum. These glands are called Urn'. 
The other gland is clustered round the 
paired duets of the liver. It is small, wedge- 
shaped, creamy in colour and follicular in 
appearance. It is called the pancreas and it 
opens into the gizzard. 

A cylindrical duct coming from the 
ink-sac opens into the rectum. The ink- 
sac is a pear-shaped body (Fig. 17.41). 
The inner glandular mass secretes blackish 
ink. The ink is forced out to produce a 
coloured surrounding under the cover of 
which the griimal can escape the sight of 
enemies. 



i ig. 17.40. Showing th<. intcj ivl ilionship 
hcnvivn the gizzard. c.H-cum :ni<l ink-sac 
in St: /‘iii (after i'arkcr and Il.iswrlh. 

Locomotion 

Sepia is a good swimmer. It swims by 
die undulatory movement of the lateral 
fins. During* rapid movement. sepia move’s 
backward by sudden forceful expulsion of 
water like a jet from the mantle ravin* 
through the siphon. 

Respiratory system 

The respiratory organs arc the etc nidi a. 
They are two in number. They are plume- 
shaped structures having numerous paired, 
delicately folded lamellae (see Fig. 17.138). 
Such a type of cicnidiain is called bipec- 
tinate type. They are attached through- 
out the greater part of the mantle wall. 
The blood flows into the etenidium by 
alfercnt branchial vessels and returns to 
the auricle by rlferent; branchial vessels. 

Circulatory system 

The circulatory system is highly develop- 
ed in Sepia (Fig. 1 7.42) ."'The heart consists 
of two auricles and one ventricle which is 
const lifted into two lobes. Flic ventricle 
gives off anteriorly an oral or anterior aorta 
and a smaller a bora l or posterior aorta in the 
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posterior side. The arteries arising from the 
two aortae supply the various parts of the 
body. Blood from the different parts of the 
body is collected into a large vena cava. The 



s;u: in Sepia. 


vena cava bifurcates anteriorly into fnr- 
cavals which pass through the substance of 
the kidney and continue as afferent bronchial 
the ctcnidia. The afferent 
at the base of ctenidium 
dilate to form a contractile branchial, heart . 
Attached to the branchial heart there 
exists a rounded glandular appendage. 
From the ctenidia blood returns to the 
heart by efferent branchial veins. 


veins supping 
branchial veins 


Excretory system 

The excretory system consists of a pair 
of thin-walled renal sacs which communi- 
cate with the mantle cavity by two 
separate apertures, one in each side. The 
right and left sacs communicate with each 
other both anteriorly and posteriorly. 
Through each sac runs the corresponding 
branchial vein. Surrounding the- branchial 
vein there are masses of glandular tissue 
of the renal sac. This glandular tissue 
extracts the nitrogenous waste lrom the 
blood iu the form of guanin. 


Nervous system 

The nervous system is highly developed 
in Sepia. The cerebral, pedal, pleural 
and visceral ganglia are large in size and 
are closely aggregated around the oesopha- 
gus l»y shortening of 'their connectives (Fig. 
17. Ty). Thc\ arc all protected by cranial 
cartilaginous box. The cerebral ganglia 
arc fused to form a single rounded mass 
and give oil laterally the optic nerves 
which become expanded into optic gan- 
glia. Another pair of nerves emerging from 
the cerebral ganglia are connected with the 
\ifpcriur buccal ganglia. The superior buccal 
ganglia arc also connected with the inferior 
lateral ganglia located on the posterior side 
of oesophagus, flic pedal ganglia, like the 
cerebral, are also fused into a single mass 
which is differentiated anteriorly into a 
brachial portion giving origin to ten 
brachial nerves supplying the arms and 
posteriorly into the infundibular portion 
supplying nerves to the funnel and stato- 
cysts. The brachial nerves arc connected 
with one another by ring commissure. 
The pleuro-visceral ganglia arc also united 
to form a single ganglionic mass and re- 
main in immediate contact with the pedal. 
Flic plcnro-visccral mass gives oil* a pair 
of liberal nerves' supplying the viscera and 
also gives a branchial nerve to the ctenidium. 
The branchial nerve possesses a. branchial 
ganglion at its base. The pie uro- visceral 
ganglion also gives two very stout nerves 
posteriorly. These two nerves are called 
the pal Hal nerves containing a large stellate 
ganglion on each nerve (for diagram sec 
Fig. 1 7.59E in the general notes on the 
phylum). The inferior buccal ganglion 
gives off sympathetic nerve which terminates 
into a gastric ganglion located o/» the dorsal 
side ot' the stomach. 
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l r ig. 1 7.43. Au enlarged view of the proximal part of the nervous system of Sepia. 
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Sense organs 

The sense organs are highly developed 
in Sepia. Eyes: They are highly developed. 
The eye ball has stout outer wall called 
sclerotic layer, which is provided with 
sclerotic plates. Oilier structural elements, 
viz. the cornea, lens, aqueous and vitreous 
humors, retina are present in the eye of 
Sepia (Fig. 1 7.44) . 
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1’ig. 17.44. Sectional view of the eye of Scf/iii. 


Slatocyst: 1 he statoeysts are two in 
number and are situated very close to 
the pleuro-viseeral ganglion. They have 
complicated structures comprising of a 
crista slaiica and a macula static a. The 
crista statica and macula statica are 
rounded elevations on the inner cavity of 
the statocyst. The crista statica is lined 
by flattened epithelium and the macula 
statica is composed oh elongated cylindrical 
cells with hair-like processes at the free 
ends. A very large statolith is present in the 
cavity which is attached to the macula. 

Olfactory pits: In addition t:o eyes and 
statoeysts, a pair of ciliated pits located be- 
hind the eyes, arc supposed to be olfactory 
in function. 

Gustatory organ: This organ j->r taste 
comprises of an elevation in front of the 
odontophorc. 

Besides these, /he arms and tentacles arc 
regarded ar tactile organs. 

Reproductive system 

The sexes are separate. Sexual dimor- 
phism is present. The males arc distin- 
guishable by the presence of hcctacoty- 
lized arm. 


Male reproductive system. The male repro- 
ductive system consists of a testis which is 
enclosed in a capsule. The capsule leads 
into an elongated and greatly convoluted 
vas deferens (Fig. 1 7.45 A). The vas deferens 
opens into an elongated seminal vesicle . 
The seminal vesicle at the other end 
expands into a wide sperm sac which opens 
into the mantle cavity. The prostate is 
glandular and opens into the seminal 
vesicle at this end. The gonoporc lies 
on an elongated papilla called penis. 
Inside the seminal vesicle sperms are rolled 
up and become enclosed by a chitinoid 
capsule which is called spermatophorc 
(Fig. 17.15B). 



tig. 17.45. A. Male reproductive organs of St'.jaa. 
II. A spermatophorc of Sepia. 


Each spermatophorc is elongated and 
about 16 inm in length. Two- thirds of it 
house, the viscous mass of sperm and the 
anterior one-third contains a spring appa- 
ratus. The outer wall of the spermatophorc 
is made up of chiliniscd capsule and the 
inner wall forms the tunic All the sper- 
matophores remain storedi in a pouch 
called Needham’s sac. The hectacotylizcd 
arm takes out the spcrmatophorcs, keeps 
diem for some time in the suckers and after 
the ritual of courtship places them on the 
body of the female. 

Female reproductive system . Female re- 
productive system consists of a single ovary. 
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II is enclosed in a capsule whigh leads into 
a wide tubular oviduct. The oviduct opens 
into the mantle cavity near the rectum 
(Fig. 17.46A). A pair of nidnmental glands 
arc present on the sides of the ink-duct. 
They are oval in shape and their secretion 
helps the eggs to adhere together like a 
bunch of grapes (Fig. 17.4611). Another 


Solen 

Solen is a burrowing bivalve and is 
generally called ‘Razor shell*. The body 
is narrow and is covered by two thin, 
equal and straight shell valves (Fig. 
17.471V'. The umbo is shifted at the 
anterior end. One peculiar feature in this 
genus is the presence of a single hinge 



(lias so ty mdennental gland of unknown func- 
tion is present around the: anterior ends of 
the nidamcntal glands proper. 

Development 

The development <>1 Sepia is direct, be- 
cause the young emerges om ol the egg 
and looks like t lie adult. The fertilized egg 
'is enveloped by a protective gelatinous 
covering. The eggs are very large in size. 
They are pear-shaped and are heavily 
yolked. The yolk provides nourishment for 
the developing embryo. 

SOME INTERESTING MOLLUSCS 

Resides the typical examples of the 
Phylum Mollusca, the following forms are 
described to #ain a first hand knowledge 
of the peculiar molluscan forms. 


toot 1 1 in each shell valve. The mantle 
cavity is tubular and is formed by the 
fusion of the mantle lobes on the ventral 
side. The exhalnnt and inhalant siphons 
are small. There are a pair of elongated 
narrow gills in the mantle cavity. The foot 
is a highly muscular elongated organ 
which forms an efficient burrowing appa- 
ratus. The foot swells up very quickly by 
i inflow of blood during burrowing. 

Pecten 

Pedal, commonly called ‘ScVdlop’, is a 
cosmopolitan marine bivalve (see Fig. 
d. 1 1 A). It feeds on micro-organisms caught 
during respiratory water current. The two 
shell valves are slightly unequal in size. 
The right valve is larger, convex in shape 
and the soft parts lie within this valve. The 



544 


BIOLOGY OF ANIMALS 


outer surface of the valves exhibits radiat- 
ing stria tions and the concentric lines of 
growth take a wavy course. The shell is 
beautifully sculptured. The hinge line 
between the shell valves is straight and is 
devoid of teeth. The margin of the mantle 
produces velar folds with numerous ten- 
tacles and stalked eyes at regular inter- 
vals. Only one large median adductor 
muscle is present. The foot is extremely 
reduced. It can swim by the activities of 
the shell valves. 



Tig. 17.47. External lectures of: A. Neapilinn gala- 
iheae (ventral view) ; B. So left. C. Teredo. 

Mytilus 

This sea-mussel is a sedentary bivalve 
(see Fig. 8.1 IF) of cosmopolitan distribu- 
tion. The valves of the shell are broad and 
rounded at the posterior side and the 
anterior end is narrower. The umbo is 


shifted to the anterior side. Both the 
siphons are present but the inhalant 
siphon is less developed. The posterior 
margin of the mantle is fringed with 
tentacle-like processes. The foot is elon- 
gated. The animal remains attached to 
the substratum by a bunch of byssus 
threads. The byssus threads project from 
the ventral side between the valves. The 
posterior adductor muscles are more deve- 
loped than the anterior ones. The inter- 
lamellar and itUerfiLimeniar junctions arc 
absent and are represented by a bunch of 
cilia. 

Teredo 

This peculiar bivalve is well-known lbr 
causing tremendous damage to the ships 
and dock. It lives in holes made in the 
submerged portion of ship and wood. 
Because of its boring habit the body of 
Ten: do has become extremely modified. It 
has an elongated vermiform body and is 
popularly called as the ‘.Shipworiii' (Fig. 

1 7. 4 7C ' } . The shell valves are very small 
and arc situated in the anterior end of 
the body. The shell has a rough surface 
which acts as the cutting and boring 
machine. Ii has a very minute foot re- 
duced into a sucker to adhere to the. wall 
of the hole. The sucker projects through a 
small aperture left by the mantle lobes 
and the rest of the mantle lobes are united. 
The mouth is situated between the shell 
valves. The body proper and the inhalant 
and exhalant siphons arc extremely elon- 
gated. The siphons are united at the 
anterior side and the posterior portions 
are im\ Just; at the region of separation of 
the siphons there lie a pair of calcareous 
pallets which close the opening of the hole 
like a lid when the body and the siphons 
are withdrawn. 

Teredo feeds on sawdust, and small plank- 
ton brought by respiratory water current. 
It has the remarkable property of digest- 
ing the cellulose. ! 

Aplysia 

Aplysia is a very peculiar gastropod and 
has almost a cosmopolitan distribution. It 
is recorded that it attains a size of about 
1 m in length. Because of the superficial 
resemblance w r ith h&rc, particularly in the 
head region, it is commonly called the 
‘Sea-hare’ (Fig. 17.48A). The head 
bears two pairs of tentacles. The posterior 
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pair is comparatively smaller and is 
called rhinophorcs. These are olfactory in 
function. The anterior pair of tentacles are 
longer in size and are called cephalic 
tentacles . The foot is broad and bears 
lateral projections called parapodia as 
the organs of swimming. The font gives 


sperms and eggs. The gonoduct is single 
and opens to the exterior through a com- 
mon genital opening. 

Doris 

Doris , popularly called ‘sca-lcmon*, is 
a ' i i nous gastropod (Fig. 17.4813). where 



lug. 17.48. EsU'rn.il fe.ilurrs of : A. Aplj'ia. H. D'-ri.s. ( 4 . Acuity. 


origin to a very short, distinct tail at the 
posterior end. The posterior part of the 
foot is usually adhesive. The mantle is 
extended upwards as a thin membrane 
and the shell is concealed by the mantle 
outgrowth. The shell is reduced to a small 
flattened piece which is internally placet 1. 
The mantle* cavity opens to the right side 
of the body through a longitudinal slit. 
The c ten id i urn is visible along the opening 
of the mantle cavity. The Hoor of the 
mantle is provided with large subepithr- 
lial gland cells tailed opaline glands . 
Afilysia is notable for discharging purple 
or milky fluid to the surrounding water to 
conceal itself from enemies. This fluid is 
secreted by another type of gland in the 
inner mantle epithelium, called Bloch - 
mantis glands. Flic nervous system is of 
ethyncurous type, i.c. attainment of 
secondary symmetry after double torsion. 
They are bisexual forms producing both 
35 [vol. 1, ’76] 


the shell and ctenidium are totalK absent. 
1 he anus is located posteriorly and is rnid- 
dorsal in position. It is surrounded by a 
circlet ol anal gills which act as res- 
piratory organs. The body of Doris com- 
prises in a more or less ovoid mass with a 
convex warty dorsal side. The head bears 
a pair of rhuo.-phnns beset with calcareous 
spicules. The loi.it has a flat creeping sole. 
The digestive gland is an unbianehed 
compact mass. The nervous svstem is of 
“thyneurous type Flic sexes are united 
• old the gouopore is asymmetrically placed 
on tlic* right side of the bodv. 

Aeolis 

hike Doris. Aeolis is also a nudibranch. 
It has an elongated shdl-lcss body. It has 
two |>airs of tentacles, the anterior pair 
are called cephalic tentacles and the pos- 
terior pair are designated as rhinopkores 
(Fig. 1 7.480). The rhinophorcs arc simple. 
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The radular tooth is arch-like and is 
devoid of median notch. True gills are 
absent and respiration is done through 
transverse rows of secondary cylindrical 
cerata. The cerata open to the exterior 
through openings. 

Aeolis feeds on sea-anemones. The cnido- 
blasts of the anemones taken inside the 
body of Aeolis usually escape digestion and 
migrate to the tips of the cerata. These are 
called the cnidoscics which probably act as 
defensive organs. It is claimed by many 
that on proper irritation the cnidosacs 
discharge their contents towards the prey 
or enemies. But such a phenomenon is not 
witnessed by any worker. However, exis- 
tence of cnidosacs in the body of Aeolis is 
a unique instance and the significance of 
cnidosacs in the body of Aeolis is not fully 
understood. 

Onchidium 

This curious slug-like gastropod had 
long been considered to be a pulmonatc, 
but recently it has been separated from 
them and placed under Opisthobranchia. 
As regards habits and general appearance, 
Onchidium resembles superficially the chi- 
tons. Like other gastropods two pairs of 
tentacles are present. 1 1 lias an ovoid naked 
body. The foot has a very broad fiat 
creeping sole. The mantle covers the dorsal 
side of the body and is beset with nume- 
rous warty tubercles. These warty bodies 
may bear eyes and may also transform 
into bunch of branchial filaments as res- 
piratory organs. Tin 1 true ctenidimn and 
mantle are lacking. The head possesses 
two retractile tentacles, each ending in an 
eye (Fig. 17.49A). A pulmonary chamber 
is present in the posterior part of the body. 
The sac opens to the exterior through a 
small aperture ( fmeum os tome) near the anal 
opening. Onchidium is hermaphrodite. The 
female gonoporc is situated posteriorly 
near the anal opening, while the male 
genital aperture is located anteriorly near 
the base of the right retractile tentacle. 

Patella 

Patella a small, sluggish gastropod 
inhabiting the rocky beaches. Patella lives 
upon marine vegetation. The dorsal side 
of the body is enclosed by a roundish shell. 
The shell is raised into a conical elevation. 
The operculum is absent. The ventral side 
of the body is occupied by a broad creeping 


foot (Fig. 17.49B). The foot is also employ- 
ed as an adhering organ. The mantle is 




l'ig, 17.49. External features (ventral view) of: 
A. Onchidium. 13. PaUlla. 


highly pigmented. The head bears a pair of 
large sensory tentacles and a pair of eyes. 
Between the foot and mantle, there exists a 
series of secondary branchiae. The, primary 
gills are obliterated excepting a pair of 
vestiges. A pair of osphradja and a pair of 
oesophageal pouches arc present. It has a 
single auricle. There arc two kidneys, of 
which left one is smaller in size. Sex 
reversal is very common ifi Patella. Ferti- 
lization is external. 

Spiratelia (Liraacina) 

Spiratella is a typical ptcropod. Like all 
other forms, Spiratdla leads pelagic life 
and swims by flapping the parapodia. 
The foot develops anteriorly into highly 
muscular wing -like projections called 
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fig. 17.50. External features of: A. Spirutella. 
B. Cypiaea. 


parapodia (Fig. 17.50A). The posterior 
part of the foot is greatly reduced. It has a 
spirally coiled calcareous shell and an 
operculum is present. The shell assumes 
various shapes in other related genera. 
Spimtdla has a dorsal mantle cavity but 
without ctenidium. They usually swim in 
large numbers and are generally called the 
‘butterflies of the sea’. 

Cypraea 

Tli is type of gastropod is a very familiar 
form of mollusc. 'I ‘he shell of this form is 
used as curio, ornament and as decorative 
article. It was used as currency in ancient 
days. It: is a very beautifully coloured 
form living on rocky background, specially 
in the coral reefs. The shell has a large oval 
single whorl. The dorsal side is convex and 
the ventral side is flat with a narrow longi- 
tudinal opening extending along the length 
of the shell (Fig. 17.501V;. This opening 
is toothed on both sides. The lateral sides 
of the mantle folds are reflected over the 
dorsal side of the shell to make it internal. 
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Fig. 17.51. Structures of Loligo . A. Dorsal view of an entire animal. B. Dissected ventraily to show 
the disposition of internal structures. G. Shell. 
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The shell lacks periostracum and the sur- 
face is smooth. 

Loligo 

Lotigo is a very common cephalopod 
and is commonly called squid. It has 
almost the same anatomical organisation 
as that of Sepia, but it possesses certain 
individual peculiarities. Loligo has an 
elongated spindle-shaped or torpedo-shap- 
ed body (Fig. 17. 51 A). Tlic body is divided 
into head, tapering trunk and a narrow 
neck between them. The head bears ten 
arms of which eight are short and two are 
usually elongated like those of Sepia. The 
fins are conical and arc confined to the 
posterior end of the body. Figure 17. 5 lfi 
shows the internal organisation ol Loligo. 
The shell is internally placed and resem- 
bles old styled quill-pen (Fig. 1 7.51 C). The 
caecum is very large in size and bears an 
anterior curved diverticulum. Mho liver is 
a single lobed structure. An ink-sac is 
present. The heart consists of two auric les 
and a single ventricle. An additional roun- 
ded branchial heart is present at the base 
of each gill. The excretory system com- 
prises in two triangular whitish bodies 
called kidneys. The nervous system is 
highly developed and resembles closely 
the nervous system of Sepia. 

Octopus 

Octopus , popularly called devil fish, is a 
very well-known inolluscnn form. It has a 
cosmopolitan distribution and lives at the 
bottom of the sea. It is nocturnal and lives 
on crabs, fishes and other molluscs. It has 
a roundish body with n. head. The shell is 
absent. Eight elongated arms of equal 
sizes arc present (see Fig. 8. 1 IB). Each 
arm carries two longitudinal rows of 
sessile suckers. In male Octopus the third 
right arm is modified into a spoon-shaped 
hectocotylized arm. The animal can crawl 
by its arms and can also swim backward 
by ejecting jet of water from the funnel. 
Octopus has the ability of ejecting inky 
fluid to the surrounding water as a defen- 
sive device. Ortnpus has the property of 
changing the colour of the body when it is 
irritated. The nervous system is highly 
developed. 

Argonauta 

Argonauta , popularly known as ‘Paper 
Nautilus’, is closely related to Octopus. 


Sexual dimorphism is distinct in Argonauta . 
The male is much smaller than the female 
and lacks shell. But the female is very 
large in size and possesses a thin fragile 
external shell (Fig. 17.52A). The shell is 



t ig- 17.52. A. A fe runic Argonauta. B. Sectional 
vi«-\v oiW'iutilrts . 


s\ mrnet i ical, simply coj led and lacks 
internal septa. The shell & mainly used to 
cany eggs. Of the eight $rnis. two dorsal 
arms become specialised and become 
applied to the outer surface of the shell. 
The terminal end of these two arms be- 
come expanded to form disc-like .structure. 
The shell in females Argonauta is secreted by 
these two arms and is not produced by 
the mantle as the case in other molluscan 
forms. Like that of Octopus, the third right 
arm in males is hoc toco tylized. 
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Nautilus 

Nautilus is gregarious, deep-sea inhabi- 
tant, nocturnal ccphalopod found in 
Indian and Pacific Oceans. It is popularly 
called the ‘Pearly Nautilus'. The external 
shell is flat and coiled spirally in one plane. 
It is divided internally into many com- 
partments by internal septa (Fig. 17.52B). 
The chambers increase in size from inner 
to the outer side of the spiral, i.e. the 
outermost chamber is the largest. The 
body proper is lodged in the largest 
chamber and the other chambers remain 
either empty or filled up with gas which 
helps in floatation. The internal septa 
bear perforation in the middle. 

The mouth is surrounded by radially 
arranged prehensile tentacles. The number 
of tentacles varies from 60 to 90. The ten- 
tacles are devoid of suckers. On the dorsal 
side, two tentacles become thicker to form 
a protective hood above the mouth. The 
outer surface of the shell has alternate 
brown and dark bands. The inner surface 
is pearly white. The ink-sac is absent. 

CLASSIFICATION 

CLASSIFICATION IN OUTLINE 

Class Monoplacophora, 

e.g. Neopiliui 7. 

C r ass Amphineur a 

Subclass Apia cophora 

C ) rder Chae todmnomorpha , e . g. 

Chae lade mm , 

Order .A 'comet i iumnipha , e.g. Neorncnia, 

Proncomenia. 

Subclass Polyplacopl iota 

Order Lepidoplcurina, e.g. Lcpid<>plcurus. 

Order Ch i to/una, c.g. Chiton. 

Class Scaphopoda, e.g. Dental iwn. 

Cl- ass Bivalvia or Pelecypoda 

Order Protobran; hi at a. e.g. Nucula. 

Order I'Uibrunchinla , c.g. Myidus. 

O rd e r Pscud<danic! lib ranch it i la, 
c.g. Os trr a. 

Order Evlawcllih ram h i a ta , c.g. Unio. 

Order Scptibranchiata, c.g. Poromya. 

Class Gastropoda 

Subclass Prosobranchia 

O rdcr A rchacoga Urofmla , 

e.g. Patella , Fissurclla . 

O rd c r Mcsogaslroptda, 

e.g. Pila, Atlanta. 

Order St tying loss a or Ncn gastropoda, 
c.g. Mur ex, liullia . 


Subclass Opis th obranchia 

Order Onchidiacea , 

c.g. Onchidium , 0 tv hid Ala. 

Order Cephalaspidea , 

c.g. Ac lean, Rhizorus. 

Order Anaspidea , e.g. Aplysia , Akera. 

Order Pleropoda, 

e.g. Spiratclla , Desmopkrns. 

Order At ochlidiacea , 

e.g. Ac oc hi i diurn, Cnda. 

Order Philinoglossm ca, 

e.g. Pidhnoglussa , PI us cu la. / 

C ) it If *r Sat ogl ussa , 

e.g. Oxynne, FJysia. 

( Jrdc ;r Nut asp idea, 

e.g. iylvdina , Plcurohranchus, 

Ord er Nudi branch in, 

e.g. Doris , h'alinga. 

Order Rhodapacca , 
e.g. Rhodope. 

Order Pyram idellacea , 

c.g. Pyramiddla , Brachystomia . 

Order Parasite . , 

e.g. Entoconchu , Entocvlaw 

Sub i lass Pi il mon ala 

Ordc r Basomma tnpho ra. 

c.g. Planar bis . Lin mac a. 

0 rdcr Sty lorn rnatephora, 

c.g. Helix , Achatina . 

Class Cephalopoda 

Subclass Belemnoiclca or Dibranchiata 

Order Dccapoda, c.g. Sepia, Indigo. 

Order Octopoda , e.g. Qitopu. s. 

Subclass Nnutiloide.i or 'Petra branchiata, 
e.g. Nautilus. 

Subclass Anuuonoidca. e.g. Ammonites. 

CLASSLiTCAIlON WITH CHARAC- 
TERS 

( ’lass Monoplacophora 

1 his class is represented by a recently 
discovered living species, . \ccpilina gala - 
///rY7'\ It is very primitive amongst the 
molluscs and represents a son of connect- 
ing link between annelids and molluscs, 
i his class also contains many fossil forms. 
The body is bilaterally symmetrical and 
remains cov ered by a mantle. The dorsal 
side of the. body contains a single piece of 
shell. The body exhibit.^ internal meta- 
merism. The whole of the ventral side is 
occupied by a flat creeping foot. The 
coelom is well-formed. Most of the struc- 
tures like auricles, gills, kidneys and gonads 
are sogincntally arranged. The mouth 
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and anus are situated at the antero-median 
and postero-median ends of the foot res- 
pectively. 

Class Amphineura 

This class includes a small group of 
marine molluscs having bilaterally symme- 
trical elongated body. The mouth and 
anus are terminally located. The nervous 
system represents the primitive condition 
having longitudinally disposed pal Hal and 
pedal nerve cords with cross-connections. 

This class includes two subclasses. 
They are: 

Subclass : Aplacophora. This subclass 
represents a very small group of molluscs. 
They are marine. They have elongated 
bilaterally symmetrical, worm like bodies 
covered by cuticle. The cuticle bears 
calcareous spicules. The body lacks a 
distinct head. The shell and foot are 
totally" absent. T he intestine is uncoiled. 
The vascular system is rudimentary. 
The nervous system is primitively built 
and consists of two pedal and two 
pleural nerve cords which are connected 
anteriorly with an oesophageal nerve ring. 
The cerebral ganglion is either single or 
double. The sex cells arc* discharged into 
the pericardial cavity. 

The subclass Aplacophora has two 
orders: Neomeniomorpha and Chaetpder- 
momorpha. 

Order Neomeniomorpha. This order has a 
mid-ventral longitudinal groove which 
helps in locomotion. The sexes arc united. 
Examples: Ncomenia, Proncomenia. 

Order Chaetoderm om n rph a . The rnid-ven- 
tral groove is lacking in this order. The 
sexes are separate. Example: Chacimlnma. 

Subclass Pol yplacopl tora 

The members of this subclass have 
bilaterally symmetrical untorted bodies. 
The body is dorso-ven trail y flattened. The 
dorsal side is convex and the ventral side is 
flat. The dorsal side of the body is covered 
by eight pieces of transversely placed shell. 
The pieces are arranged in an imbricate 
fashion. The head is inconspicuous and the 
eyes and tentacles are absent. Many ex- 
ternal gills are located in the mantle 
groove and a pair of kidneys is present. 
This subclass is divided into two orders: 
Lepidopleurina and Chitonina. 


Order Lepidopleurina . The valves of the 
shell are usually devoid of insertion plates. 
The insertion plates, present in rare cases, 
are without: teeth. The gills are limited 
towards the posterior end of the body and 
are a few in number. Examples: Lepido- 
pleurus , Hanley a , Hemiar thrum, Choriplax. 

Order Chitonina . The. valves of the 
shell are provided with toothed insertion 
plates. The gills are usually distributed 
along the whole length of the mantle 
groove. Examples : Chiton , Chaetopleura , 
Nultallina , Tonicell a, Loricata, Mopalia , 
Acanthopleura. 

Class Scaphopoda 

The class Scaphopoda constitutes an 
aberrant group of marine molluscs com- 
prising of Denlalium and Pulsdlurn. The 
body is elongated and appears as a com- 
plete bilaterally cylindrical tube enclosed 
by a shell. The shell is a delicate and 
slightly curvet l tube. The shell is open at 
both the ends and the anterior part of the 
shell is muc h wider 'Tig, 17.53). The foot 



Fig. 17.53. Longitudinal sectional view of 
Dentalium. 


is very narrow, trilobcd and is capable of 
being protruded throTigh the anterior open- 
ing of the shell. The mouth is situated on 
the oral proboscis. The gonad is an elon- 
gated structure and is unpaired. Nervous 
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system has paired cerebral, pleural, pedal 
a ad visceral ganglia. The kidneys arc 
paired structures and lie in the middle of 
the body which open on either side of the 
anus. 

Class Bivalvia or Pelecypoda 

The members of this class have bilateral- 
ly symmetrical bodies. The body is enclosed 
by bivalved shell secreted by the rnan lie. 
The head is indistinct. The foot is tongue- 
shaped and is located vcntrally. The 
mouth is provided with two pairs of 
labial palps. 

Ihe class is divided into live orders, l hc 
div ision into different orders is based on the 
nature of (he respiratory structure. 

Order Protnbrauchiata. The gills consist of 
two plume -like struc tures, each with two 
rows of gill filaments. Example: Xvcula . 

Order Filibranchiata. The gills consist of 
two Y-shapcd plate-like gill filaments. The 
intrrhlamemm end imerlamellar junc- 
tions may be absent. Example: Mylilus. 

Order P^cndolnindlihrawJiiata. file gills 
art* plaited. The interfilamcnlar and 
intcrlamrllar junctions arc present and 
are non-vascular. A single large adductor 
muscle is present. Examples: Oshea. 
Mdcagrinn. 

Order Ivalamdhbi anchinla. The gill fila- 
ments are connected by vascular interliln- 
rnentar and intcrlamellar junctions. Two 
adductor muscles are present. Examples: 
Unin, Anudontn , Ijnndhdcns. 

Order Sc ptibraru fiiaii. The gills are re- 
duced to a horizontal muscular partition. 
Exai i ipl< \s : / > orumya , Cuspidmia . 

Class Gastropoda 

This class owes its name to two Greek 
words Gastros --stomach and podos foot. 
The members of this class have asymmetri- 
cal bodies due to torsion or detorsion. 
Usually they have spirally twisted shell. 
The coiling of the shell is usually dcxtral 
although sini.\tral type is observed in 
some normal and in abnormal cases. The 
mantle and the mantle cavity are distinct. 
i’he head is well-differentiated bearing eyes 
and tentacles. The buccal cavity contains 
an odontophorc and a radula. The intestine is 
much coiled. 'The loot is well-formed and 
is situated behind the head. The loot is 
generally diUcrentiated into three parts 
propodium , mesopodium and metapodium . 


The class Gastropoda is divided into 
three subclasses - Prosobranchia or Strep- 
toncura, Opisthobranchia and Pulmonata. 

Subclass Prosobranchia or Strcptoneura. 
Ihe visceral hump is twisted due to tor- 
sion. As a consequence of torsion, the 
pie uro-vi social connectives are crossed like 
figure ‘if, hence the name Strcptoneura 
(Gr. Streptos -curved and neuron -- nerve) . 
The gills, when present, arc placed 
anterior to the heart, so the other name 
of the subclass is Prosobranchia. The shell 
and the operculum arc present in most 
cases. The sexes are separate. Phis sub- 
class has three orders: Archacogastropoda, 
Mesogastropoda and Stcnoglossa or Neo- 
gastropoda. 

Order Archacogastropoda. This order in- 
cludes the primitive Prosobranchs. The sip- 
hon and proboscis are absent. The opercu- 
lum is present in a few cases. Two auricles, 
two bipectinate gills, two nephridia, and 
two ospluadia are generally present. The 
nervous system exhibits less concentration. 
The pedal ganglia give origin to two pedal 
nerve cords whic h are connected by nume- 
rous commissures. The genital products are 
discharged directly outside through the 
right kidney. Examples: Pleuwtomaria , 
Hnliotis. Patella , Fissurdla , Acmaea, Lottia , 
Xacdla , Trociitts, Xeritina. 

Order AL xngaslrapoda. The siphon, oper- 
eulum and penis arc present. The nervous 
system lack* pedal nerve cords. Single 
auricle, single monopectinate gill, single 
osphrudium and single kidney are present 
a> the consequence, of torsion. Examples: 
Ylvipimi v ( Pdudina ), Pita, lalvnta , Lit tori na. 
On ( cm dan in , Den dropo m a . Ct ri th i inn , Cypraea , 
A alien* Janthina , Atlanta. 

Ord('r Stcnoglossa or Xcogastropoda. The 
siphonal canal is much elongated. The 
radula is usually rachiglossate type, i.e. 
the teeth on the radular rows are bilateral- 
ly arranged with a median [r a chidi an) tooth 
and lateral and marginal teeth on two sides 
* 'cepting the supcrfamily Conacea. Exam- 
ples: Mnrcx. .Yard la, Thais, Magi l us, liucci- 
nwn, Phos, Pallia , Fusions, Xassarius , Oliva. 

Subclass Opisthobnmchtn. Phis subclass 
comprises of exclusively marine gastropods 
with much reduced mautlc cavity. The 
mantle cavity, when present, is retreated to 
the right side. The shell is usually reduced. 
The shell is without: ornamentation and 
remains mostly coveted by the mantle 
folds. Visible shell is a rare occurrence, 
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There is no operculum. Single auricle is 
present posterior to the ventricle. The ner- 
vous system shows anterior concentration 
of ganglia and the posterior part shows 
ethyncurous (Gr. Etithus— straight and 
neuron— nerve) condition. They are all 
hermaphroditic. This subclass has the 
foil ow i ng or d e rs : 

Order Onckidiacea. They have slug-like 
shellless bodies resembling superficially 
the chitons. Single pulmonary sac is pre- 
sent. The anus and female gonopore are 
situated at the posterior side while the male 
genital aperture is located at the anterior 
end. Examples: Onchidium , OnchideUa. 

Order Cephalaspidea. The presence of 
head shield is the most peculiar feature. 
The shell is present which remains partly 
or wholly within the mantle. The para- 
podial lobes are present. Examples: Actron , 
Cylichna , Bulla , Atys, Rhizorus. 

Order Anapsidea . The parapodial lobes 
are well-formed. The shell is reduced to a 
flattened plate and remains concealed in 
the mantle lobes. In Aker a , the shell is ex- 
ternal. The head bears a pair of cephalic 
tentacles and a pair of rhinophores. The 
male gonopore is situated at the base of the 
right rhinophore. Examples: Aplysia , Pda- 
lifera , Notarchus , Bursatella , Akera. 

Order Pteropoda. Pelagic opisthohranclis 
with a pair of highly muscular wing-like 
para podia. They are mostly shelled forms. 
The shell is placed externally and is of 
different types. Examples: Spiratelln , Caro- 
lina, Corolla , Desmop tents, Pneumodermopsis . 

Order Acochlidiacea . They are very small 
and peculiar snails. The shell and gill are 
lacking. The visceral mass is separated from 
the foot. They are fresh-water forms and 
the sexes are separate. Examples: Acochli- 
dium, Hedy Lops is, Unela, G unit us. 

Order Philinoglossacea. They are similar 
to Acochilidiacea, but. lacks cephalic ap- 
pendages. The foot and the visceral mass 
are well separated by a groove. The shell 
and gill arc absent. Examples: Philino - 
glossa, Sapha , Pluscula . 

Order Sacoglossa. The shell may be pre- 
sent or absent. The pharynx is suctorial. 
The parapodia and cerata may be present. 
The sperm duct is closed. Examples: 
Oxynoe , Lobiger , Elysia, Caliphylla . 

Order Notospidea . The shell may or may 
not be present. The mantle is present but 


without mantle cavity. The gill is bipeeti- 
nate type. The gill and osphradium are 
located on the right side of the body. Ex- 
amples: Tylodina , Umbraculum , Pleurobran - 
chus. 

Order Nudibranchia . The shell, mantle 
cavity, gill and osphradium are absent. 
The body bears numerous cerata or respi- 
ratory outgrowths. The nervous system 
shows concentration of different ganglia 
and the visceral loop is greatly reduced. 
Examples: Doris , Cadtina , Jarunna , Kalin ga. 

Order Rhodopacea. This order is repre- 
sented by a single species, Rhodope veranyi . 
It lias an elongated body without tenta- 
cles, branchial appendages, circulatory 
system and radula. The nephridiopore 
and the anus are located on the right side* 
of the body. 

Order Pyra/ni della era. They are semipara- 
sitic forms. A spirally coiled shell and an 
operculum are present. The gills and 
radula are lacking. A long retractile pro- 
boscis is present which contains a stylet to 
pierce the body of the prey. Examples: 
Pyramidella , Odosiotn i a , B r achy s tom ia . 

Order Parasita. They are. endoparasitie 
gastropods living inside the body of holo- 
thurians. They are extremely degenerated 
forms. Their gaslropodan nature is estab- 
lished by the presence of shelled larval 
stage. Examples: Entoconcha , 7 hvonicola, 

En loco lax. 

Subclass Eulmonata. The true gill is 
absent and respiration is clone by pul- 
monary sac or lung. The nervous system is 
secondarily symmetrical due to detorsion. 
The shell may or may not be present. They 
are hermaphrodite. This subclass lias two 
orders : 

Order Basonwiatophora. l’he eyes are 
located at the base of the lion-retractile 
tentacles. Examples: Planar bis , Urnnaea , 
Siphon aria , Pylhia . 

Order Stylommalophorn. The ('yes are 
located at the tip of the posterior pair of 
retractile tentacles. Examples: Helix , I a max, 
Achalina , Ena, gebrina, MiltVc. 

Glass Cephalopoda 

Amongst all the molluscs, Cephalopoda 
has reached the highest; grade of struct ural 
organisation. This group has a very well- 
fonued head with eyes and arms. The body 
is bilaterally symmetrical. The foot is 
modified into oral arms and siphon for 
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swimming. The shell, if present, is usually 
internally disposed. All the cephalopods 
are marine. The class Cephalopoda is 
divided into three subclasses: 

Subclass Beleinnoidea ( Dibranch iata) 

This subclass includes the cephalopods 
possessing internal shell and two ctenidia, 
two auricles and two kidneys. The funnel 
is a complete tube. 

Order Decapoda. The examples of this 
order arc Sepia and Loligo. They possess 
ten oral arms with stalked suckers. 

Order Oclopoda . The example is Octopus 
possessing eight arms will) sessile suckers. 

Subclass Nautiloidea (Tetrabranchiata ) 

This subclass is characterised by the 
presence of lour ctenidia, four auricles and 
four kidneys. The shell is external. The 
example of this subclass is Nautilus. The 
funnel is incomplete and comprises in two 
lobes called k ,pq. udiu. 

Subclass A i n in onoi ( lea 

This subclass contains the fossil forms. 
They possess cxogastrically coiled shell. 
They are probably tctrabranchiate type. 
The examples are the Ammonites. 

GENERAL NOTES ON 
MOLLUSCS 

HISTORY 

Molluscs are familiar to man from 
prehistoric times as the item of food 
and for their ornamental shells. Extensive 
work has been carried out by different 
workers on the molluscan anatomy. Aris- 
totle described many Molluscs, specially 
the Cephalopods and divided Molluscs into 
two groups depending on the presence or 
absence of shell. Jonstonus (1650) coined 
the term Mollusca and his group Mollusca 
included the barnacles. Linnaeus also re- 
tained the term Mollusca arid included 
heterogeneous soft-bodied forms like 
Tunicates, Anemones, Cephalopods and 
Polychactes. Cuvier (1795) threw the 
modern light on molluscan taxonomy. 
Lamarck (1815-1819) excluded the Bi- 
valves from this jfroup Mollusca. Dc 
Blainvillc (1825) adopted a new name, 
Malacozoa fey* the Molluscs. Although this 
name is no longer retained in modern 


text books, the term ‘Malacology’ signi- 
fying the science of Molluscs is still in use. 
The barnacles had long been included 
under Mollusca, but "Thompson (1830; 
and Burmcistcr (1834) established their 
Crustacean ailinilies and excluded them 
from Molluscs. 

The group Sole nogas ires established by 
Cagenbaur (1878) had long been taken as 
ITolothurians, but Graff (i 875-1877) stu- 
died their molluscan nature and included 
them under Mollusca. fake Solenogastres, 
inclusion of Scaphopods under Mollusca 
had long been a controversial issue. Cuvier 
and Lamarck placed them with Annelids, 
but their molluscan organisation was es- 
tablished by Deshaycs (1825), Clark (1851 ) 
and Keferstcin (1862 1886). They also 
placed the Foraminifers under Mollusca 
which were ultimately separated by Dujar- 
din. The detailed classificatory scheme of 
Gastropods after undergoing profound 
alterations since Cuvier (1795) has attain- 
ed a sort of stability. 'The molluscs have 
been divided into different classes depen- 
ding upon the nature of respiratory struc- 
tures. The classification of Molluscs direc- 
tly into classes — Monoplacophora, Solcno- 
gastres, Polyplacophora, Seaphopoda, 
Bivalvia or Pclecypoda, Gastropoda and 
Cephalopoda are still accepted in many 
recent text books. 'flic modern trend in 
the scheme of classification of phylum 
Mollusca is to di\ide them into six classes. 
The classes are: Monoplacophora (inclu- 
ding Ntopiliua) , Ainphineura (including 
Solenogastres and Chitons), Seaphopoda 
(including looth-dielJs 1 ), Gastropoda (in- 
cluding the singic-valvcd snails), Bivalvia 
including the bivahed molluscs) and 
Cephalopoda (including octopuses, squids 
etc). But the subdivision under the classes 
vary greatly. 

HABIT AND HABITAT 

Molluscs are noted for their adaptive 
modifications to different modes of life. 
They are distributed in almost all the 
parts of the earth and exhibit variety of 
forms. Besides their abundance in space, 
they have left behind a continuous palaeo- 
ntological records since Cambrian period. 
Majority of the Molluscs are aquatic and a 
few are adapted to terrestrial environment. 
Usually the snails and slugs lead a land 
life. The aquatic Molluscs arc mostly 
marine. Few Bivalves and snails inhabit 
fresh water or brackish water. T hey usually 
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live in the sea shores or in shallow water. 
Some Molluscs are pelagic and a few are 
recorded to sink down to the depth of 
about 35,000 feet. Most of the molluscs are 
nocturnal. 

Greatest number of Molluscs are free- 
living forms. As regards loeomotory power, 
they range from very slow moving to 
fast swimming forms. They exhibit variety 
of modifications. By the modi heat ion of 
foot, they can creep, leap, burrow, 
float, or swim. Some Bivalves fix their 
bodies on the substratum by the byssus 
apparatus. 

Molluscs arc mostly herbivorous and 
live on available vegetable by scraping 
with the radular apparatus. Most <>f the 
Bivalves live on micro-organisms, but the 
larval forms for some dine lead ectopara- 
sitic life in the gills of fishes. All Gcphalo- 
pods arc predaceous forms and live on 
small fishes and Crustaceans. The Gastro- 
pods have different food habits. They arc 
mostly vegetable feeders and some are 
predaceous. Amongsi die Gastropods, the 
members of the order -Pyramidellarea 
lead semiparasitie life, where as that of 
Parasita includes all endoparadlic forms 
living in the body of Holothuria ns. 

NUMBER AND SIZE 

The phylum Mollusca is noted foe its 
numerical abundance. In this respect Mol- 
luscs occupy a position next to Arthropods 
in the. animal kingdom, it is extremely 
difficult to give an accurate data of 
the total number of species under the 
phylum. 

Molluscs are remarkable for their 
range of size arid forms. The size varies 
from 1 mm to IB m long. This phylum in- 
cludes the largest invertebrate lorm known 
in the world. The following account will 
give an idea about the d liferent size of 
molluscs: Chitons. The size varies born 13 
cm to 30 cm. The largest genus is Amirula 
of Pacific coast. Scaphopods. I he elongated 
shell is usually 6*5 cm in length but the 
length may extern l up to 15 cm. Gastro- 
pods. They have usually globose body. 
The average diameter is less than 5 cm. 
Hem if us us prnhoscifera has the shell of 60 cm 
long. Aplysia California has the largest body 
of 1 rn in length. Bivalves. Usually the 
size ranges between T3 cm to 11*7 cm. 
The body of Tridacna gigas reaches a 


length of T35 m and weighs about 200 
kg, Cephalopods. Some squids and Octo- 
puses have 2*6 cm long body. The giant 
squid, Architmilris of north Atlantic has a 
18 in long body with the arms. 

MANTLE AND MANTLE CAVITY 

Presence of mantle is a very distinctive 
feature of Mollusca. The mantle cavity 
usually communicates to the exterior and 
encloses the respiratory organs. The. mantle 
secretes the shelly matter and the edge of 
the mantle is the active productive center. 
The mantle cavity is modified in different 
groups of Molluscs. In Prosbranchia, the 
mantle cavity is situated on the left side' of' 
the body and its anterior portion is pro- 
longed into a tubular siphon. In Pulmona- 
ta the mantle fold encloses the pulmonary 
sac. In Bivalvia mantle cavity is equally 
developed on either side of the body and 
the mantle forms a sort of lining to the 
valves of the shell. Progressive fusion of the 
edges of the mantle is observed in different 
bivalves (Pig. 17.51). In Xucula, Arm, dri- 
gonia the mantle edge is perfectly fret* and 
the siphons are absent. In Mvtilus . (.ard.Ha , 

. is tar U the mantle edge is fused at one 
point in the middle, region of the posterior 
side and forms the rudiment of the 'Bran- 
chial siphon 5 . In Venus, Cunlium. Lwina the 
branchial aperture is divided and the 
mantle is fused at two places to form three 
apertures. Through the ventral aperture 
protrudes the foot. In 1 ridarrm, (lluvna (he 
fused area beeornr extended and in l credo, 
Pandora fusion of ihe mantle edge forms a 
closed cavity excepting at three openings, 
one for foot and the other two for the 
siphons. In some forms, a fourth aperture 
is present which bears a definite relation 
to the byssus appaiatus. in Lyonsia a thick 
byssus protrudes through this particular 
opening. 

In some .Viol I uses the mantle may be 
reflected over the ext* Trial feu rf ice of the 
shell and subsequently the mantle edge mav 
fuse to make the shell internal. Tiansilional 
stages arc observed in (y/aaea, Margindla , 
Scutus , where a considerable portion of the 
shell remains enclosed by mantle. But in 
Aplysia > Lmndlaria the shell is completely 
enclosed by mantle. Amongst Pulmonata 
subsequent transformation from a com- 
pletely external shell to internal shell is also 
observed. Indication of such.. changes is 
also observed in some Bivalves. 



PHYLUM MOLLUSCS 


555 







Fig. 17.54. Diagrammatic picture* showing tin: 
stages (A~F) of fusion oPmantlr lobes in different 
bivalves, a* fust indication of union of siphons. 
b=^ point of fusion between inhalant siphon and 
foot, c^point of fusion between foot and byssal 
aperture. 


SHELL 

Flic shell is one of the most important 
diagnostic structures in Molluscs. It has 
previously been employed as a basis for 
classification. Like all other structures, the 
shell also exhibits wide, variations in differ- 
ent molluscs, it. is present in almost; all the 
members of Molhisca, but varies greatly 
hi disposition. The shell may be present 
outside the body as in most Gastropods, 
Bivalves and Chitons. Internal shell occurs 
in most Cephalopods and in some Gastro- 
pods. Transitional stage, where the shell 
is partly internal and partly external is 
observed in Ilemphiilia and Naiic.idne. In 
some Cephalopods and Nudibraiu.hia. the 
shell is absent in adult stage. 

TYPES OF SHELL. The majority of mol- 
luscs possess univalve shell and the rest may 
have bivalvtjd shell or may even composed 
of eight plates as in Chiton. 

UNIVALVE SHELL. Normally the uni- 
valve shell is an elongated cone which be- 
comes twisted into a spiral round an axis. 
The shell was originally a simple cone, but 
due to tiie increase in size of the visceral 
hump the shell has become twisted to 
accommodate whole of the visceral organs. 
In some cases the shell instead of forming 
an elongated spire, forms either a battened 
spire ( I’olrgyraHlia) or a globular spire 
(/■V/f/b Amongst cephalopods the shell 
varies in form. It may bo simple as seen in 
the Sc|iiids. In other forms it is usually spna.1 
and chambered. The shell of Spirilla and 
tie; shell of Xautihts arc typical representa- 
tives. In Sfiirul'i , tin; shell is spirally 
twisted but the spirals do not touch and 
internally it is chambered like that of 
Xatiiilus. But the relation of the soft pans 
with reference to the shell differs in Spirilla. 
and . XaulUvs. The shell in Spirilla shows 
cndogastric curvature but in .Vavilins it is 
exogasirir. In Sphvla the shell is internally 
placed and remains covered completely by 
mantle. The shell of extinct Arnmonoidca 
is more or less similar to that of A \iuii!us. 
Octopus lacks shell excepting a pair of small 
vestiges. In female Argonauta an external 
thin shell is present (see l'jg. I7.52A). It is 
delicately roiled and is not chambered. 

Types of spiral. In different- molluscs 
considerable modifications of the spiral 
occur, l-su.illy the spin; is more or less 
obliquely coiled round the axis. 'I wo types 
of spirals are usually encountered in 
molluscs. They are: 
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Dextral. In most of the univalve shells, 
the spiral is dexlral meaning thereby that 
the spiral is right-handed round the 
axis. 

Sinistral. This type of spiral does not 
occur commonly. This condition is just 
reverse to the dextral form, i.e. the spiral 
is left-handed. Occurrence of sinistral 
type of coiling may be regarded to be 
normal in certain species and in most 
cases sinistral type of shell represents 
abnormal forms. In cases where sinistral 
monos trosity or in which a sinistral and 
dextral forms are interchangeable, the 
internal organs become affected in rela- 
tion to such coiling. The direction of spiral 
does not show uniformity in all cases. In 
some cases, the sinistral type of shell in the 
embryonic stage is converted into dextral 
type in adults. Abnormal growth of shell 
occurs in nature which varies from simple 
to complex. In some cases the abnormality 
reaches the peak and may change the 
entire normal organisation of the creature. 

BIVALVE SHELL. This type of shell is the 
characteristic of the class Bivalvia. Based 
on the relation of two valves, the shell may 
be equivalve or inequivalvc. The dorsal 
margin of the two valves are usually 
united by ligament. The two valves can 
be opened or closed by adductor muscles. 
The impressions of the adductor muscles 
are visible on the inner surface of the valves. 
The inner surface of the valves shows 
pallial lines which are actually the impres- 
sions produced by the muscular edge of 
the mantle. The ligament w hich unites the 
two valves consists of two parts, the ex- 
ternally located ligament proper and the 
internal cartilage. In Pec ten the external 
ligament is ill-developed and thin. The 
internal ligament is well -developed and is 
situated in a shallow pit. The ligament 
proper is non-elastic; and is insoluble in 
caustic potash, whereas the cartilage is 
elastic and is soluble in caustic potash. 
The valves are articulated by a 1 hinge, 
which in most cases, is furnished with inter- 
locking hinge-teeth. In some Bivalves like 
Anodonta and Mytilus, hinge-teeth are ab- 
sent. The hinge-teeth arc derived from the 
crenulations of the shell surface. The 
absence of hinge-teeth in Anodonta may be 
the result of secondary degeneration. 

COMPOSITION OF SHELL. The main 
material constituent of the shell is 
carbonate of lime. Traces of phosphate 


of lime arid an organic base called 
Conchiolin (chemically allied to chitin) 
are present. In addition, carbonate of 
magnesium and trace of silica are also 
detected. Conchiolin constitutes a sort of 
membranous framework for the shell. 
It is generally regarded that the shell 
has two parts, the cellular and the 
membranous parts. Cellular structure is 
very rare and the membranous part con- 
stitutes the sole material basis. The mem- 
branous part was once a part of the 
mantle. Majority of the Gastropods pos- 
sess porcellaneous shell consisting of three 
layers, each of which is coin posed of plates. 
The orientation of the plates in the three 
layers has definite regularity. If in the 
middle layer the plates are transversely 
arranged then the outer and the inner 
layers have longitudinally arranged plates. 
In Bivalves the nature of formation and 
disposition of layers are similar to that of 
Gastropods. 

FORMATION OF SHELL. Opinions differ 
as regards the formation of shell. Bower- 
bank and Carpenter advocate that the 
formation of she'll is an organic process. It 
grows in the same manner as the teeth and 
bones of higher organisms. But the modern 
workers like* Reaumur and Eisig hold that 
the shell is the by-product of excretion and 
is deposited like the cuticle of Arthropods. 
Shell is formed by a large number of cal- 
careous particles which are held together 
by some kind of glue. 

The shell is formed from the margin of 
the mantle. The margin of the mantle is 
the main source of deposition of shell 
matter and the rest of the mantle helps to 
thicken the innermost layer. The shell- 
depositing cells are present in all parts of 
the mantle. The carbonate of lime from the 
circulating blood is separated by the 
epithelial cells of the mantle edge. The 
carbonate of lime assumes granular or 
crystalline forms and becomes hard on ex- 
posure, The shell matter in some cases may 
be deposited by foot also. Deposition of 
shell matters is not. a continuous process 
but it shows periodicity Which is mani- 
fested by the lines of growth . 

Operculum . The operculum is present in 
almost all marine Prosobranchia. It is a 
cuticular development on the foot. The 
operculum exactly fits into the mouth of 
the shell. In all Opisthobranchia excepting 
Acteon and in all Pulmonata excepting 
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Amphihola operculum is absent. The shape 
of the operculum differs in different forms. 

FOOT AND ITS MODIFICATIONS 

Phylum Moll use a is characterised by 
the pronounced development of muscula- 
ture known as the foot. Foot is the loco- 
rnotory organ in Molluscs, 'l his organ is 
quite uncommon and strange to others. 
It is regarded as the* remnant of the 
‘dermo-muscular tube' of the ancestral 
form whose ventral side became greatly 
developed as an adaptation for creeping 
movement and the dorsal portion became 
degenerated. Typical creeping movement 
in molluscs, especially in gastropods, is 
brought about either by muscular activity 
or by a combination of ciliary and mus- 
cular activity. Muscular activity of the 
foot during creeping movement is effected 
by a series of wave-like contractions of the 
longitudinal muscles of foot. The waves of 
contraction may be monolaxic or ditaxic . 
In most of the. molluscs the amplitude* of 
waves is small, but in some gastropods as 
exemplified by Hrlniinthoglypta dupe tit ho- 
lunsi the amplitude as well as wavelength 
are increased during galloping motion. 
During galloping motion the anterior 
portion of the foot is elevated and thrust 


sole suited for creeping movement. In most 
Gastropods, particularly in Prosbranchs 
the foot becomes differentiated into propo - 
dium, vmopodium and metapodium commenc- 
ing from anterior to backwards and into epi- 
podium and par ap odium from below upwards. 

Foot -as the creeping or crawling organ. 

In .A feomenia (Fig. 17.5GU), a ventral 
groove with ciliated ridge serves as the 
locomotory organ. True moUusean foot 
is absent in this form, but ihis may be 
regarded to be die starting point. In 
Polyplacopliora the foot is flat and occu- 
pies ventral position. It is very broad in 
Chiton (Fig. 17.56A) and is very narrow 
in ChiUmellus. In Kucula (Fig. 1 7.56M) the 
foot is laterally compressed and directed 
downward very sharply. In Anodonta 
and L'nio. the foot is triangular and 
ploughsliaie like. Amongst Gastropods, 
the members of the order Pulmonata 
possess undivided foot with a very large 
flat lobe. Patdla has a well-developed 
ventral foot with a flat sole to move over 
the rocks (Fig. 17.56G). The creeping 
foot may be contractile as in lilt on. in 
some cases foot shows partial regional 
modification. In Pirtdus only the left part 
of the foot acts as creeping organ. In 
Artron (Fig. 17.5GK) and Cypraea (Fig. 



forward (Fig. 17.7)5). Foot gets the 
nerve supply from the pedal ganglion. 
Depending on different modes of locomo- 
tion and living in varying environment, the 
foot in Molluscs varies greatly in shape 
and form (Fig. 17,56). Variation of foot is 
primarily due to various physiological 
activities like creeping or crawling, 
burrowing, leaping, looping, swimming, 
reproduction, etc. besides these, in parasitic 
and sedentary lorins, the modification of 
foot: occurs in the form of sucker, byssus 
apparatus, etc. 

MODIFICATIONS OF FOOT. The primi- 
tive and simplest form of foot in Molluscs 
is considered • to be a broad ventral Hat 


17.560) foot has a very large creeping 
sole. They move by producing waves of 
contraction on the foot. In Bullia (Fig. 
17.56R) the foot is very peculiar and 
encircles the whole of the body. In Natica 
(Fig. 17.56D) propodium is demarcated 
From the rest of the foot by deep transverse 
grooves as a semicircular flap and the 
metapodium is provided with lateral 
parapodia. In Atlanta , tfic posterior part 
of the creeping foot is altered into a sucker. 
In Haliotis , epipodium well- developed 
with many small tentacles (sensory in func- 
tion). The ilat sole of d/wrev (Fig. 1 7.56S) 
and the highly glandular foot of Conus 
(Fig. 1 7.5GG) with a long backwardly bent 
siphon arc efficient creeping organs. 
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Foot — as the burrowing organ. In some Hunt, the foot is conical and protrusible 
molluscs foot becomes greatly deviated (Fig. 17.56H). The foot in Anodonta 
to act as a burrowing organ. In Denta - and Unio also can perform the same 



foot V 


/metapodium tentacle proboscis 





Fig. 1 7.50. Various types of foot in molluscs. A. Chiton. B. Haliolis. C. Patella. D. Natica. E . Clione. 
F. Laligo. G. Conus. H. Dentalium. I. My a . J . Aplysia. K. Atfeon. L .Cardium. M. Nucula. N. Car inaria. 
O. Cypraea . P. Sigaretus. Q. Pleropoda. R. Bullia. S. Murex. T. Amphitretus. U. Neortunia . 
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function in addition to acting as a creep- 
ing organ. In Sigaretus (Fig. 17.56F) the 
propodium is sharply marked off to act as 
burrowing organ. In Pholus foot assumes a 
short and blunt form. In My a (Fig. 17.561) 
the foot is feebly developed and used as a 
weak burrowing organ. 

Foot- -as the leaping organ. This t } pe 
of modification is very characteristic 
in certain forms of Molluscs. In Cardium 
(Fig. 17.561 4 ) , the foot is bent upon itself 
as a leaping organ, in 7 rigania it is coin- 
pressed antero-posteriorly as an elongated 
keel. Jn Poromya , the foot is curved with 
well-formed protractor and retractor mus- 
cles. In My Ulus , the cylindrical foot acts as 
spring-tail (see Fig. 8.1 IF). A median tri- 
angular outgrowth in Birabia acts as leap- 
ing organ. 

Foot --as a looping organ. In PedipUS, 
the propodium of the foot is sharply 
marked off from the rest by a groove 
and helps in loouing movement. 

Foot- -as the swimming organ. In many 
Molluscs the' foot becomes variously modi- 
fied to swim in water. The development of 
parapodia is observed in many forms. 
Garinaria (Fig. 17.56N) swims by a flat, 
ventral fin which bears a small sucker re- 
presenting (he original foot. The para podia 
is fan- like in Aplysia (Fig. 17.56J). The 
parapodia may have wing-like processes 
as in Ptewpoda (Fig. 1 7 . 5 6Q, » . In ( h y gurus 
(he parapodia are hollow and possess iin- 
iike outgrowth. In Atlanta, the metapo- 
dium is produced into laterally flattened 
swimming lobe. In Giimie (Fig. 17.5617) (he 
parapodia arc well-developed and arc 
placed on the lateral sides of the anterior 
end. The most notable transformation of 
the foot as swimming organ is observed in 
Cephalopods. The oral arms in Cephalo- 
potls are the modified forms of a portion 
of foot. The number of the oral amis 
varies in different forms. They are right in 
Octopus (see Fig. 8.1 IB) and are ten in 
Sepia and LoHgo. I 11 Amphi Indus the arms 
are united by web (Fig. 17.56' T). 

Foot — as an organ helping reproduction. 1 n 

some Cephalopods, during breeding season 
arms become hectocotylised in males 
which act as intromittent organ. 

Accessory gland? associated with 
the foot. The foot in Molluscs is also 
a highly glandular structure. Some 
glands become intimately associated 


with the foot to help in locomotion. 
The secretion of the glands lubricate the 
passage during movement. Jn Gastro- 
pods the pedal glands and the unpaired 
sole gland are the typical instances. In 
some Bivalves, in adult or in larval stages 
the byssus apparatus helps in the process 
of adhesion. The Organ of Valenciennes 
in some Ccphalopod females, Van der 
Ilonven in Nautilus males are the other 
notable accessory organs associated with 
the foot. 

The above discussion reveals a strong 
variation with regard to functional and 
structural modifications of foot in different 
forms of Mollusca. Variation in the mode 
of progression in different forms of Mol- 
luscs is the primary cause of variation of 
foot. In all forms of Molluscs foot becomes 
very much swelled during locomotion. 
What causes such swelling is not clearly 
understood. It is probable that the swell- 
ing is caused by the flow of blood into foot 
whirl) is prevented from returning to t la- 
bod y by sphincter muscle. 

RESPIRATORY ORGAN AND 
MODIFICATIONS 

The members of the phylum Mollusca 
show' different modes of living. Some of 
(hem are aquatic, some arc terrestrial and 
others are amphibious in their habitats. 
As a consequence of living in diverse en- 
vironmental eondi 1 ions, the respiratory 
organs are modified accordingly. The res- 
piratory organs encountered in Molluscs 
are mainly the etenidia and the lungs or 
pulmonary sac. The outer covering of the 
body and mantle usually act as accessory 
respi ra tory organs. 

Skin- as respiratory organ. Skill appears 
to be the simplest type of respiratory struc- 
ture encountered in Molluscs. It acts as a 
respiratory organ in certain forms where 
there is no special respiratory device. Such 
type of respiratory 01 gun is found in Can a. 
Lnnaponiia, parasitic Initoaucha. etc. In 
most of the members of Aeolididac the 
dorsal surface of the body’ is provided with 
papillae. The papillae arc* variable in size 
and communicate with the heart by veins. 
Most of the Nudibranehia trespire through 
skin. 

Ctenidium — a a the respiratory organ. 

Majority of the molluscs respire through 
ctenidium. A typical ctenidium has an axis 
having afferent, and efferent blood vessels 
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and a row of flattened gill filaments on 
each side of the axis. Based on the 
topography, the ctenidia present in Moll- 
uscs can be divided into the following 
categories : 

Holobranckiaie type. This type of arrange- 
ment of ctenidia is found in Polyplaco- 
phora. In this form the ctenidia extend all 
over the body. The number of ctenidia 
varies from fourteen to seventy pairs and 
in some cases the number may be about 
eighty pairs as in Acantlmpleura. In Patella 
a circlet of gill lamellae extends completely 
around the margin of the mantle. It 
resembles that of Chiton superficially which 
made Cuvier to include Patella and Chi- 
tons under one class Cyclobranchia. But 
the true nature of ctenidia differs greatly. 
In Chiton the ctenidia arc present along 
the margin of the body excepting the 
head and anus, but in Patella the ctenidia 
are extended throughout the body. 

Merobranehiate type. When the ctenidia 
remain restricted to a particular area of 
the body it is called the merobranehiate 
type. The merobranehiate type of ct enidia 
can be subdivided into t lie following 


types depending on the arrangement of 
leaflets. 

Plicate type, litis type of gill comprises 
in simple flat transversely folded projecting 
integumentary laminae. In Neomenia a tuft 
of filaments arises from the cloacal wall. 

Mnnopectimle type. This type of ctenidia 
consists offlattened gill filaments arranged 
in a single row as observed in Pila, Triton. 

Bipectinaie type. This type of ctenidium 
has flattened gill filaments arranged in two 
rows. They may be of two types: 

Unequal. When both of them are present, 
but right one is smaller as observed in 
F issit rein . Hah otis . 

lujual. When both of them are of same 
sizes. This is the characteristic of the bi- 
valves. Amongst Bivalves they become 
variously modified (Fig. 17.57). Pfucula 
possesses short flat leaflets (Fig. 17.57A). 
In some forms long filamentous leaflets arc 
present. These filaments may be free as in 
Area (Fig. 17.57B, G) or may be joined by 
ciliary connectives as in Ah til us (Fig. 
17.57!)}. In Unio (Fig. 17.57F) the ciliary 
junctions arc replaced by membrane. 
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Fig. 17.57. Transverse sections showing the arrangement of gills in bivalves. A. Nucula , B. Amaawn. 
G. Area. 1>. Mytitus . E. Unio. I'. Poromya. 
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In Poromya (Fig. 17.57F) the ctcnidium 
becomes degenerated and is represented 
as a transverse partition. 

Feathered type. This type of ctenidium is 
characteristic of the Cephalopoda. Detailed 
structure is described in the biology of 
Sepia. 

Modifications. The clcnidia become 
modified in some forms. 

Anal gills . in Doris (see Fig. 17.48B) 
delicate leaflets form a rosette round the 
anus and is designated as the anal gills. In 
Pterotrachea the mantle fold is absent and 
the filamentous branchial leaflets project 
freely and remain uncovered. In most 
cases the mantle may serve as respiratory 
organ. In Solcnogastres the cloacal gills are 
present. Gradual degradation of the cloacal 
gills is encountered. In Chaetnderma the gills 
are. two in number and are symmetrically 
placed one on each side of the cloaca. 
Single distinct gill is present in Neomenia 
and in Prtmenyyca v, the gills are nothing 
but a few folds on the cloaca) wall. 

Cerala . in Acolis many highly vascular 
secondary gills (Cerata) arc present on the* 
dorsal surface of the bodv (sec Fig. 
17. 'UK:). 


Relationship between heart and gills. The 

heart and the gills are intimately related 
because the main function of the gills is to 
aerate blood on its way to the heart. The 
number of gills are directly proportional to 
the number of the auricles (Fig. 17.58). 
For example, when the gills are two in 
number, two auricles are present as en- 
countered in Octopus and Loligo. In Chiton 
two auricles correspond to the two sets of 
the multiple* gills. In Nautilus there are 
four gills and four auricles. When the gill 
is unpaired, the heart lias one auricle as 
seen in Opisthobranchs. Rachiglossa, 
Tarn ioglossa , etc . 

Respiratory organs for terrestrial mode of 

living 

Terrestrial habit leads to complete 
loss of gills and a variety of respiratory 
organs develop to suit: the particular 
environment. They are as follows: 

Pulmonary sac. In most Pulmonata the 
mantle cavity forms a pulmonary chamber, 
the inner surface of which is highly vas- 
cular ised. 

Trachea. In some Pulmonata, the pulmo- 
nary chamber gives off breathing air-tubes 
called trachea. 



Jug. 17.f>8. Figures showing the relationship between gills and heart in different molluscs. A. Chitons. 
B.Bivalvia. # C, Dibranchiate Gephalopod. IX Tclrabranchiate Gcphalopod. E. Proso branch ia 
(Diatocardia). F. Prosobranchia (Monotoeardia). G. Opinthobranchia (‘ Tecti branch iata) . 

36 [vol. i, 76J 
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Nuchal lobe . In Monotocardia the left 
nuchal lobe is better developed and forms 
a long respiratory siphon. 

Amphibious forms. These forms are 
exemplified by Pila . It possesses both 
ctenidium as well as pulmonary sac. 
The genus Siphonaria is furnished with a 
lung-cavity and a ctenidium. Both the 
forms represent a transitional stage bet- 
ween aquatic and terrestrial life. 

CIRCULATORY SYSTEM 

The circulatory system in Molluscs is 
quite well-developed. Almost all the mem- 
bers of the phylum (excepting Scaphopoda 
which lacks a distinct heart) have distinct 
heart which receives oxygenated blood 
from the respiratory organs and conveys 
it to the different parts of the body. 

Blood. The blood in Molluscs is colour- 
less. The respiratory pigment is haemo- 
cyanin, which contains both iron and cop- 
per. Haemoglobin is also present in some 
rare cases, e.g. Planorbis. Special blood 
corpuscles with haemoglobin are present 
in Solen legumen , Area noae . 

Heart. The heart is composed of mus- 
cular ventricle and thin-walled auricle. 
The auricle gives origin to aorta which in 
turn divides into arteries to supply the 
various parts of the body. Blood from the 
different parts of the body is returned to 
the respiratory organs. After oxygenation 
blood is returned to the heart from the 
respiratory organs to complete the circuit. 
The ventricle is usually single, but the 
number of auricle varies from one to four. 
The number of auricle corresponds to the 
number of ctenidia present. Majority of 
the Molluscs possess one auricle. Double 
auricles arc present in Chitons, Dibran- 
chiate Cephalopods and Bivalves. Tetra- 
branchiate Cephalopods possess four 
auricles. The number of aortae originat- 
ing from the ventricle vary from one 
to two. Single aorta is present in Chitons, 
Solenogastrcs, Prosobranchia, etc. In some 
forms there are two aortae leading out of 
the two ends of the ventricle. In most 
Gastropods, a single aorta bifurcates into 
an anterior cephalic aorta and a posterior 
visceral aorta. The topography of heart 
also shows variation. The heart is placed 
within the pericardium. In bilaterally 
symmetrical forms the heart lies on the 
median line of the body, while in 
asymmetrical forms the heart is shifted 


to one side of the body, usually on the 
right side. 

Course of circulation. In Molluscs the 
blood from the ventricle is carried through 
aorta/aortae into the arteries. The arteries 
supply blood to the different parts of the 
body. After making an excursion through 
the different organ systems, the blood is 
collected into irregular spaces — the lacunae 
which in turn open into sinuses . Exis- 
tence of capillaries is said to occur in 
Dibranchiate Cephalopods and in some Bi- 
valves. The relationship between the foot- 
pore and the circulatory system in some 
Molluscs has not yet been fully established. 
In the opinion of many workers these 
foot-pores help the incoming of water into 
the circulatory system. 

NERVOUS SYSTEM 

The nervous system in Molluscs (Figs. 
17. 59-17. 61) presents numerous diversities. 
It exhibits gradual coining up of com- 
plexities from simple to complex which 
can be marshalled into one perspective — 
the nervous co-ordination. Prior to the des- 
cription of the nervous system in different 
forms of Molluscs a basic plan of the 
Molluscan nervous system is to be consi- 
dered first. 

Hypothetical plan of molluscan ner- 
vous system. The central nervous system 
consists of three pairs of ganglia, the cere- 
bral, pedal and pleural ganglia. These 
ganglia are connected by connectives and 
commissures. The connectives are the 
cerebro- pedal, cerebro-pleural and pleuro- 
pcdal. The commissures are present bet- 
ween the cerebral, pedals and the pleurals. 
The peripheral nervous system comprises 
in a pair of visceral ganglia connected by 
commissures. Another pair of parietal 
ganglia are connected with this system. 

Comparative account of nervous 
system in different forms* From this 
basic scheme, wide rang^ of modifications 
has taken place. Concentration of the 
whole system, attainmenf of deeper mode 
of nervous co-ordinatioijb attainment of 
complexities due to torsion, detorsions and 
abortion or exaggeration of some parts are 
the main causative factors. 

Protoneurous condition* This condi- 
tion of nervous system more or less resem- 
bles the hypothetical type. 'Hiis condition 
shows a gradation of complexities. It may 



C>cr 









564 


BIOLOGY OF ANIMALS 


Chaetoderrna it becomes double (Fig. 17.59 
C). In Scaphopoda, the nervous system is 
symmetrical. The pleuro- pedal connec- 
tives become fused with the cerebro-pedal 
connective. There is no distinct parietal 
ganglion. In Unio the parietal ganglia are 
fused with the visceral ganglion and thus 
forming the viscero-parietal ganglion (see 
Fig. 17.14). 

Streptoneurous condition. This par- 
ticular condition of the nervous system is 
observed in Gastropods, particularly 
in Prosobranchs. Lateral twisting of 
the nervous system occurs with reference 
to the torsion of the whole pallia! complex. 
The original parietal ganglia are renamed 
according to their new positions. When 
the parietal ganglion is situated above the 
level of the oesophagus, it is called 
supraintestinal ganglion and when it is located 
below the level of the oesophagus the 
ganglion is designated as infrain test in a l 
ganglion. The pleuro -visceral connectives are 
crossed and assume a pattern like the figurc- 
of-8. The whole of the nervous system 
assumes secondary asymmetry. Such a 
condition in the nervous system in 
Molluscs is called the Streptonevry . The 
streptoneurous condition in different Gas- 
tropods exhibits gradation of diversifica- 
tions and complexities. 

Simple chiastoneury. This condition is 
observed in Cydoslajna elegans , Atlanta , 
Chilina , Planorbarius and in many other 
Gastropods. In these forms the parietal 
ganglia are replaced by supraintestinal on 
the left and the infraintestinal on the right 
side of the body. File pleuro-v isceral con- 
nectives are interrupted, the original right 
and left connectives cross each other. In 
Pila (see Fig. 17.24), the chiastoneury is 
diffused because of the fusion of the infra- 
intestinal ganglion with right pleuro-pedal 
ganglionic mass. The original infraintes- 
tinal nerve still persists as an evidence of 
migration and fusion of infraintestinal 
ganglion. 

Complicated chiastoneury. In most Gastro- 
pods the circumcnteric nerve ring remains 
more or less the same excepting the tenden- 
cies towards shortening of the nerves bet- 
ween the ganglia. In Janthina (Fig. 1 7.60B) 
the nerves between the ganglia of the cir- 
cumcnteric nerve ring are quite elongated 
and the ganglia are quite set apart. The 
pleural ganglia give off pallial nerves to the 
mantle. In many cases like Patella (Fig. 


17.60D), Cyclophoridae, a circumpallial 
nerve joins the two pallial nerves to form a 
complete nerve ring. The pleuro- visceral 
loop, in most Gastropods, crosses each 
other to maintain streptoneurous condition. 
This pleuro-visceral loop exhibits great 
variation amongst different Gastropods. A 
very common tendency is the gradual 
shortening of the nerves between the 
pleural and the intestinal ganglia ( pleuro - 
intestinal connectives). In many cases, the 
shortening of the pleuro-intestinal nerves is 
so severe that the intestinal ganglia be- 
come fused with the corresponding pleural 
ganglia of the side. In this way the original 
crossing of the pleuro-visceral nerves is obli- 
terated and only the uncrossed portion of 
the pleuro-visceral loop remains. In Patella 
(Fig. 1 7.60D) the pleuro-visceral loop is 
greatly reduced and is displaced to the 
right side. The intestinal ganglia are in- 
distinct. The gills and osphradia receive 
nerves from the pleuro-visceral loop and the 
intestinal ganglia. Usually these nerves 
unite with pallial nerves from the pleural 
ganglia. Such connective adds more com- 
plication to the nervous system. To discuss 
briefly minor variations in Gastropodan 
nervous system the following points can be 
cited: 

1 . The viscera] ganglion is accompani- 
ed by additional one or two ganglia as seen 
in an olivid. 

2. The pedal ganglia are usually the 
largest ganglia in the < ircumenteric nerve 
ring. They arc connected by a commissure 
of variable length. In Ilaliotis (Fig, 
17.59A), Patella (Fig. 17.601)) and lMcuro- 
tomaria, the pedal ganglia give origin 
to two elongated pedal nerve cords 
posteriorly. These two nerve cords arc 
connected by numerous transverse nerves. 

3. In Haliotis , distinct intestinal and 
pleural ganglia are absent. A pair of 
branchial ganglia is connected with the 
pleuro-visceral nerve cords by short nerve 
on the corresponding sid6. 

4. In Fissurella , the ; right branchial 
ganglion is connected do the infraintes- 
tinal ganglion and the left one is connected 
with the supraintestinal ganglion. 

Chiastoneury with Zygoneury. In some 
Diatocardia, there Exists connection bet- 
veen the pallial nerves from the pleural 
ganglion and the nerve frorp the intestinal 
ganglia into the mantle. This type of 
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secondary plcurointestinal connection is 
regarded as ^ygoneury. The Zygoneurous 
condition occurs in Trochus , Triton (Fig. 
17.60 A), Haliotis (Fig. 17.59A) on the left 
side. Such connection on the right side 
also exists in some forms. 

Chiastoneury with Dialyneury. In Jan- 
thina (Fig. 17. GOB), Cassidaria , Lit fa- 
rina, Zygoneury is present on both the 


sides. Such a condition is called the 
Dialyneury . 

Ethyneurous condition. Amongst the 
Gastropods, particularly in many Opis- 
thobranchs and Pulmonates, the ner- 
vous system becomes secondarily symmetri- 
cal from the primarily asymmetrical 
stage. In the lower Opisthobranchs and in 
Pulmonates, the streptoneurous condition 
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persists but in higher forms secondary 
symmetry is more pronounced. Attainment 
of secondary symmetry in the nervous 
system of these forms leads to a condition 
called Ethyneurous condition. The ethy- 
neurous condition is the result of 
either detortion or double torsions. A sur- 
vey of the nervous system in Opistho- 
branchs and Pulmonates will give the 
stages of transformation of streptoneurous 
to the ethyneurous condition. 

In Adeem, an Opisthobranch and in 
Chilina , a pulmonate, the nervous system 
exhibits typical streptoneurous conditions 
by showing usual crossing of the plcuro- 
visceral connectives. Figure 1 7. GOG will 
give the idea of nervous system in Adeem . 
Another tendency noticed is the anterior 
concentration of the different ganglia by 
shortening the commissures and connec- 
tives. In Gaslropieron (Fig. 17.61) the ner- 
vous system is a detorted type, where the 
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supraintestinal ganglion has moved to be- 
come fused with the right pleural ganglion. 
The infraintestinal ganglion is similarly 
fused with the left pleural ganglion. In 
Aplysia (Fig. 17.59B) the nervous system is 
secondarily symmetrical, but the different 
ganglia on the circumenteric nerve ring 
are well-separated. The pleuro-visceral 
connectives com^ straight to the posterior 
side to join the infraintestinal and supra- 
intestinal ganglia about the level of the 
stomach. In Limnaea (Fig. 17.59F) the 
nervous system is detorted type which is 
caused by the anterior migration ofintes- 
tinal and visceral ganglia to become fused 
with the pleural ganglia. 


Cephaiopod grade. In Gephalopods 
the nervous system is usually symmetrical 
and highly developed (Fig. 17.59E). In 
Gephalopods higher grade of concentra- 
tion of the central nervous system and the 
formation of ‘brain’ enclosed by cranial 
cartilage is observed. 

Origin of chiastoneury. In the ana- 
tomical organisation of Gastropods the 
pallial complex has changed its position 
and has become shifted gradually forward 
along the right mantle furrow (Fig. 17.62 
A-D). Each ctenidium becomes shifted 
along with its parietal ganglion. As long 
as the pallial complex is not moved far 
forward to the right the plcuro-visccral 
connective would not cross but only be 
shifted to the right as observed in 
Tcctibranchia. Pallial complex is fur- 
ther shifted forward along the mantle 
furrow till they conic to lie quite anterior- 
ly. The original left ctenidium comes to lie 
on the right and the original right cteni- 
dium dragged its parietal ganglion over 
the intestine to the left side as the supra- 
intestinal ganglion. The original left 
ctenidium has also drawn its parietal gang- 
lion below the level of the intestine to the 
right side as the infraintestinal ganglion. 
Fhe pleuro-visceral connectives in which 
these ganglia lit' now cross and give rise 
to a condition that is designated as 
chiastoneury. 

TORSION AND DETORSION IN GASTRO- 
PODA 

Asymmetrical configuration is a very 
important feature to note in majority of the 
Gastropods. Asymmetry may arise prior 
to the formation of the anus and the 
mantle cavity. In this case the visceral sac 
is more developed in the left side, the 
anus and the mantle cavity appears on the 
right side. Then the relative growth of the 
different parts causes migration of the 
anus and the mantle cavity *along the right 
side until they occupy the ^interior end of 
the visceral sac. In cases where asymmetry 
is acquired after the formation of anus, the 
anus and the mantle cavity arc present at 
the posterior end of the body and occupy 
a median position. These subsequently shift 
round to the right side and are placed at 
the anterior face of vwccral sac. This shift- 
ing is accompanied by the greater develop- 
ment of visceral sac on the left side. This 
movement comprises in a twisting of the 
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visceral sac about an axis through an 
angle of 180°. By this way the original 
posterior end of the visceral sac becomes 
the anterior end. The visceral organs of the 
original right side occupy the left side 
and vice versa. This shifting not only 
includes the torsion of the visceral cavity 
round a dorso-venlral axis along the 
direction opposite to the hands of watch 
but also the twisting is round a horizontal 
axis like the spiral from the right to the 
left side. 

The coiling may be exo gastric, when the 
torsion makes the visceral cavity forward 
or endogastric when torsion makes the 
anterior face of the visceral cavity pos- 
terior. A survey of the diagrams (see 
Fig. 17.62A-D) reveals the subsequent 
stages of torsion of the visceral mass 


which causes the twisting of the visceral 
commissure in the form of a loop like 
the figure-of-8. Disappearance of organs 
from the left side of most Gastropods 
and acquisition of asymmetry are due to 
torsion. 

Acquisition of secondary symmetry ob- 
served in some Gastropods is regarded as 
the result of detorsion. The detorsion 
means the reversion to the changes that 
have occurred during torsion. Shifting 
back of the pallial complex towards the 
posterior side results in the re-establish- 
ment of a secondary symmetry. Different 
gradations of detorsion are encountered 
in the different members of Euthyneura. 
In Acteon and Bulla detorsion is partial 
and complex detorsion is observed in 
Aplysia . 
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Fig. 17,62. Diagrammatic representation of torsion in Gastropod. A. Hypothetical ancestral stage with 
symmetrical arrangement of structures. B. Displacement of the mantle cavity to the right side. G. 
Showing 9(F torsion. D. Showing complete torsion. 
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Vlsoeropallial asymmetry in Gastropoda 

The body of gastropod is basically con- 
sists of head, a broad muscular foot and 
visceropallium enclosed in a single piece 
of shell. Anteriorly the head and foot re- 
tain bilateral symmetry. But the viscero- 
pallium is asymmetrical. Asymmetry’ of 
visceropallium is a fundamental feature 
in gastropods. This is due to (i) torsion 
and (ii) coiling during ontogcnic develop- 
ment. Torsion is an event in larval stage, 
while coiling occurs in post-larval deve- 
lopment. 

Torsion. Torsion is a feature in larval 
gastropods. In larval phase of develop- 
ment the visceropalliai mass becomes 
rotated anti-clockwise through 180° from 
its initial location on the licad-foot com- 
plex. Contraction of the larval rctracLor 
muscles and differential growth are possi- 
bly responsible for such rotation. Entire 
rotation results within few minutes. 
Asymmetry is encountered at the early 
stage in Veliger larva where the mesoder- 
mal bands develop asymmetrically. The 
mesodermal band on the right side is 
larger than its left counterpart. The right 
band is composed of five mesoderm cells 
which elongate to form muscle cells. With 


is resulted in two stages, viz.. Stage-I and 
Stage-11. 

Stage-I. The contraction of the larval 
retractor muscles account for 90° of the 
rotation of the visceral hump. This process 
usually lasts for only a few hours. At the 
end of Stage-I, the mantle cavity (which 
was initially situated ventral! y and 
posteriorly) comes on the right side with 
the foot projecting on the left side. 

Stage-II. The rest of the torsion is 
the result of differential growth and 
is usually longer in duration. Actual 
mechanism of torsion in gastropods is 
not properly known and it is difficult 
to give a generalised account of torsion 
in gastropods. However, Thomson (1958) 
distinguished five possible ways by which 
torsion has resulted in gastropods. They arc : 

(a) 180° rotation of visceral hump is 
achieved by muscular contraction alone. 
This mechanism is seen in Acmaea and is 
regarded to be the original way of torsion. 

(b) The commonest way of torsion 
(180°) as encountered in / 1 allot is. Patella , 
etc., is achieved in two subsequent stages: 
(i) the initial 90° rotation is c aused by the 
contraction of the larval retractor muscle 
and (ii) the remaining 90° is effected by- 


mantle - 
cavity 



_ _ - - right larval 

retractor muscle 


mantle 

cavity 


left larval retractor muscle 4 



Fig. 17.63. Diagrammatic representation of torsion in veliger larva of a prosobranch. 
A. Pre-torsion al stage. B. Post-torsional stage (after Parker and Haswcll). 


the transformation of the muscle cells 
the visceral hump is displaced to the 
left side. These cells on the right side 
converge and transform into the larval 
retractor muscles. The muscle cells are 
absent on the left side. Torsion of the 
visceral hump commences as soon as the 
larval muscle cells attain the power of 
contraction (Fig. 17.63). In majority of 
the gastropods torsion, as already stated, 


differential growth. The first phase occurs 
at a faster rate, while themext phase is 
slower. 

(c) In some gastropods as exemplified 
by Viviparciy complete (180°) rotation is 
achieved exclusively by growth processes. 

(d) In A ply sia> torwrn is resulted by 
differential growth and the change in 
position of anus is halted at a region 
appropriate to the adult stage. 
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(e) In Adalaria , torsion of the viscero- 
pallium is not recognisable. The different 
organs appear as in the post-torsional 
position. 

Whatever be the cause of torsion in 
gastropods, a post- torsional larva pos- 
sesses an anteriorly placed mantle cavity 
and all the developing organs are severely 
affected. With the completion of torsion 
many organ systems (c.g. Pallial organs, 
nervous system) become greatly affected. 
Formation of loop and crossing of pleuro- 
parictal connectives are a common 
occurrence in the nervous system in 
gastropods, especially protobranchia. 

Views on the significance of Torsion in 

Gastropods 

Torsion is a characteristic feature of 
gastropods. The significance of such tor- 
sion in gastropods is not clear. Two 
contrasting views extant on this issue. 
They arc: 

(a) Gar slang's view : Garstaug (1928) 
advocated that torsion is an adaptive 
lea t urc and is useful to the larva for protec- 
tion against enemies. The placement of 
mantle cavity at the anterior end in the 
larva gives greater protection of the head 
and associated structures. The mantle 
cavity provides a protected space for the 
withdrawal of the foot and head in case of 
danger. 

(b) Mortons view : Morton (1958) em- 
phasises the importance of anterior loca- 
tion of mantle cavity both in larval and 
adult molluscs. The anteriorly placed 
mantle cavity housing the head with sense 
organs, respiratory structures, etc. in 
adult add positive advantage to test the 
water and also to come in intimate con- 
tact for gaseous exchange with the on- 
coming water respectively. 

Coiling. The ability of withdrawal of 
the head-foot complex into the anterior 
mantlp cavity due to torsion increases 
the efficiency in locomotion, feeding and 
sensory function in gastropods. The head- 
foot complex retains its bilateral symmetry. 
The visceral hump together with the 
protecting shell becomes coiled to econo- 
mise the volume. 

EXCRETORY SYSTEM 

In Molluscs the excretory system com- 
prises of the kidneys and the pericardial gland. 


Each kidney is a special portion of the 
coelom and remains in communication 
with other parts of the coelom. The glan- 
dular tissue of the kidneys is arranged in 
various ways in different forms. The 
kidneys are usually paired, symmetrical 
and coiled structures. The kidneys are 
dorsally placed near the pericardium. One 
end of the kidney opens externally into the 
mantle cavity while the other end opens 
internally into the pericardium by the 
reno-pericardial aperture. 

Besides kidneys, there is special glandu- 
lar tissue in the pericardial or viscero- 
pericardial division of the coelom. This 
tissue constitutes the pericardial gland. 

Kidneys. The kidneys in molluscs repre- 
sent the special portion of the coelom. In 
all the Molluscs excepting Nautilus, the kid- 
neys communicate with the coelom. The 
most primitive and typical condition of the 
excretory system of Molluscs are observed 
in Chiton. The kidneys consist of two sym- 
metrical glandular structures on the dorsal 
part of the body and are located near the 
pc ricat diurn. Each kidney communicates 
to the mantle cavity by one end near the 
anus and the other end opens into the peri- 
cardial cavity by reno-pericardial aperture . 
The arrangements of the glandular tissue in 
the excretory organs vary greatly in diffe- 
rent forms of Molluscs. The number of the 
kidney in different Molluscs depends upon 
the number of auricles and ctenidia. 

The epithelial lining of the pericardium 
usually contains glandular tissue and con- 
stitutes the pericardial gland. In some 
cases t lie glandular tissue may also be 
pr CNont in the auricular wall. 

Kidneys in different Molluscs vary great- 
ly. In Bivalves the kidneys are two in 
number. They may assume the form of 
twisted tubes which may be dilated at cer- 
tain regions. The reno-pericardial aperture 
is usually lined by an yellowish glandular 
tissue which can aiso extract the excretory 
products directly from the blood. In a few 
Bivalves the two kidneys are in communi- 
cation with one another. The glandular 
portion of the kidney ii^Oslrea is branched 
and ramified encircling the visceral mass. 
In Scaphopoda the kidneys are also paired. 
As regards the existence of renal organs in 
Solenogastres there ejeist two opposite and 
contradictory views. According to some 
renal organs are unknown, while others 
hold that the kidney in Solenogastres is 
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tube-like arid bent on themselves opening 
into the cloaca by a common duct. Like 
all other organ systems, the excretory sys- 
tem in Gastropods exhibits gn at diversities. 
In majority of the forms two kidneys arc 
present, but they are unequal in size. In 
some Gastropods only the left kidney 
(originally the right kidney) is persistent 
in the adult. Paludina possesses two kidneys 
in embryonic stage, but in course of deve- 
lopment, the kidney of the right side dis- 
appears. In Aspidobrachia, excepting 
Neritidae, the left kidney is smaller and the 
l ight kidney is larger. The right kidney, in 
addition to its renal function, subserves 
as the passage for the genital products. In 
Haliotis the gonad opens into the right 
kidney by a large aperture. Both the kid- 
neys open into the mantle cavity, one on 
each side of the anus. But with regard to 
their pericardial opening there are some 
variations. In Trochus , Turbo and Haliotis 
the left kidney is small and opens into the 
pericardium, while the right one is without 
the pericardial opening. In Fissurella 
(Fig. 17.64) the right kidney has a peri- 
cardial opening. 


or without a long ureter. The reno-peri- 
cardial aperture varies in different Mol- 
luscs. In Haliotis , Trochus and Turbo 
the right kidney is devoid of reno- 
pericardial aperture, while the left kidney 
possesses it. Though not universally accept- 
ed, some authors have claimed the absence 
of rcno-pericardial aperture in Patella. In 
some Nudibranchs, like that of Chiton, the 
non-glandular renal sac gives off glandular 
tubular branches which perform excretory 
fund ion. 

In di branchiate Cepbalopods there are 
two kidneys which may be separate as seen 
in Oclopoda or may be connected anteriorly. 
Typical condition in Cephalopoda is al- 
ready discussed in the biology of Sepia. 

In Nautilus there are four kidneys and 
the four afferent branchial vessels are 
covered by glandular tissue, which project 
into the pericardium and thus constitute 
1 h e peri ca rd i a 1 gland . 

The nitrogenous wastes are eliminated 
in the form of guanin in Ccphalopods, as 
uric acid in Opisthobranchs and as urea in 
Lamcllibra nchs. 
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Fig. 17.64. Kidney in a few Gastropods. (A) Ano- 
donta . (B) Haliotis. (G) Fissurella. (D) Patella. 


In other Gastropods, one of the two 
kidneys is either greatly reduced or totally 
absent. The absence of the left kidney ap- 
pears to be the primitive condition. Gene- 
rally the kidneys open externally near the 
anus into the mantle cavity. The kidneys 
may, sometimes, open into the anus with 


RELATIONSHIP OF KIDNEY WITH THE 

GENITAL ORGANS 

In Molluscs, the excretory system and 
the genital system arc closely related. In 
majority of the Gastropods the renal organ, 
in addition to its own function, may sub- 
serve as the passage for the genital pro- 
ducts. In Chnetoderma and Neomenia , 
gametes are discharged into the pericar- 
dium and they ultimately pass out through 
kidney. In Haliotis , Fissurella , jVerila , Patella , 
the right kidney acts as an outlet of the 
genital products. In some Bivalves such as 
Avi ad a, Modiola , Pec ten, the genital gland 
communicates directly to the kidney. In 
Ostrea cycles , the genital gland joins the 
renal duct. But in most Bivalves the 
genital and the renal glands are closely 
placed but they open separately. 

REPRODUCTIVE SYSTEM 

In Molluscs, the sexes may be united or 
separate. The Solcnogastres, excepting the 
Chnetoderma , are all hermaphroditic. The 
generative organs are usually paired. In 
Chnetoderma the gonads fire fused together to 
form an unpaired one. There is no sepa- 
rate gonoduct and the sexual products are 
discharged into the pericardial cavity. 
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From there these arc transported to the 
exterior by a pair of coelorngducts. The 
sexes are separate in Polypi acoph ora. 
Gonads arc unpaired, sac-like structures 
and are similar in appearance. The 
gonoducts are paired. Sexes are separate 
in Scaphopoda. An elongated unpaired 
gonad is present anteriorly which narrows 
to lorrn the gonoduct. The gonoduct opens 
near the anus. 

In Bivalves, excepting some forms like 
Ostrea , Cardium , Pisidiurn , Poronya , the sexes 
are separate. The genital glands usually 
lie in the visceral mass and may extend into 
the mantle lobes as in Mytilus . The ovary 
and testis look alike and are distinguishable 
by colour only. In hermaphrodite forms, 
the whole of the generative gland is herma- 
phrodite. In Ostrea edulis and Plicala the 
hermaphroditic gland produces ova and 
spermatozoa alternately. The male and 
female follicles in the hermaphroditic 
gland may be separate as seen in Pec ten 
and Cyclas. They usually open by a com- 
mon duct. In fresh-water mussels, Unio and 
Anodonta , hermaphroditism is sometimes 
observed. Some Oysters are protandrous, 
i.e. the gonad produces first spermatozoa 
and then ova. In some of these forms a part 
of the gonad acts as an ovary and the rest 
as testis. Acc essory glands are totally lack- 
ing. Most of the Gastropods are dioecious. 
In dioecious Strcptoneura the generative 
organ is a racemose glandular structure 
which usually’ opens into the kidney. But in 
Neritidae and Pectinibranchs, the gonad 
has its own independent duct. Accessory 
glands are usually absent in dioecious 
forms. In hermaphroditic Strcptoneura, 
single hermaphroditic gland (ovotestis) is 
present. Accessory glands arc quite well- 
formed in hermaphroditic Strcptoneura. 
Euthyncura is also hermaphrodite and the 
hermaphroditic organ is more complex in 
nature. The male and female germinal 
follicles are usually separate. In Pleuro- 
branchs and majority of the Nudibranchs, 
several female follicles arc arranged around 
a central male follicle and open into it. 
The hermaphroditic gland leads into 
hermaphroditic duct which exhibits wide 
variations amongst the Gastropods. The 
hermaphroditic duct is of three types. They 
are : ^ 

Monoaulic forms. In most of the cases as 
in Bullids $nd Aplysids, the hermaphroditic 
duct is undivided. 


Dlaulic forms. In Valvala and majority of 
the Pulmonata, the hermaphroditic duct is 
divided into a male part (vas deferens) and 
into a female part (oviduct). The male 
and female genital apertures may be quite 
widely separated as in Valvala , many 
Basommatophora, Omhidium , but may be 
placed very closely as in most Nudi- 
branchs. In Stylommatophora and 
Siphonophora the two ducts unite to form 
a common duct which opens into cloaca. 

Triaulic forms. In hermaphrodite forms 
seminal receptacle is present. In monoau- 
lic forms the seminal receptacle opens into 
the hermaphroditic duct, into the oviduct 
in the diaulic forms but in Doris the seminal 
receptacle not only opens into the oviduct 
but also communicates with vagina. Such 
disposition is usually designated as the 
triaulic arrangement. 

Gephalopods are unisexual and in most 
eases sexual dimorphism is present. Gene- 
rative gland is single and the gonoduct in 
one side is usually reduced or vestigial. In 
■ Yautilus\ both male and female, the left 
gonoduct is vestigial and the right one 
persists and subserves the genital function. 
In di branchiate Gephalopods the left 
gonoduct is present only in males. The 
same condition prevails in females except- 
ing Ocgopsida and Octopoda (except 
Cirrotcnthis) where both the duns are 
present and functional. 

DEVELOPMENT 

1 he development of Molluscs excepting 
the Gephalopods is usually indirect. In 
most of the forms, a typical larval form 
called Trochophore is present. The 
structure of the Trochophore larva re- 
sembles that of annelids. This larval form 
was first discovered in 1840 by a Swedish 
Naturalist, Loveii. For this reason it was 
called I.uvens larva for many years since 
its discovery. Ray Lankcstcr (1877) named 
the Loren's larva as Trvdwphcra. But in 
1878, this larval form was thoroughly stu- 
died by riatsehek and he named it Tro- 
chophore. 

J he body of the Trochophore larva is 
more or less oval in shape (see Fig. 15. 12). 
1 he apical pole has a tuft of long cilia at 
the centre of the lobe and a circlet of 
cilia called prototroch . Another circlet 
of cilia is present at the meridian of the 
body. At the basal part of the body two 
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lobes are present which become trans- 
formed into the foot. Close to this, another 
ciliated band called tdotroch is present. 
The region dorsal to the prototroch 



Fig. 1 7.65. Structure of a vcligrr larva o I'JVfasa- 
rius retkulatus (alter Parker and Haswdl). 


posterior Icrvol anterior 



Fig. 17.66. Larvae of fresh-water mussel. - 
B-=Haustoria larva of Mutela (after Parker a 


Ceplialopods the eggs arc large and heavily 
yolked. Thpre is no larval stage and the 
youngs arc hatched in the form of adult. 
The two types of larval forms, viz. 
trochophorc larva and veliger larva are 
seen indifferent molluscs. They arc built 
more or less on the same structural plan 
with certain variations and modifications. 
In fresh-water bivalves, trochophorc stage 
is suppressed and the veliger stage is 
represented by either Gloc Iridium larva or 
iMsidium larva or llaustoria larva . The 
structure of Glochidiiun larva has already 
been described in the biology of Unio (see 
Fig. 17.15B). Fig. 17.66 shows the struc- 
ture of a Lasidium larva in South American 
fresh-water mussels and Haustoria larva in 
an African mussel, Mutela. 



-- Lasidium larva of AnodonUtes. 
d Ha swell). 


becomes the shell which later on assumes 
a cup-like form. This stage is called, the 

Veliger larva. 

The prototroch of the Trochophore 
expands in the veliger larva to form 
a ciliated disc called velum (Fig. 17.65). 
In some Gastropods the velum is pro- 
duced into ciliated lobes. 

In Solenogastres development is not fully 
known. The trochophorc larva is present 
and is provided with calcareous plates. In 
Polyplacophora typical trochophore larva 
is present. The apical plate is absent in 
early phase. Primitive kidneys are lacking. 
In Scaphopoda also the apical plate and 
the primitive kidneys are absent. Typical 
trochophorc larva is present in Bivalves 
and Gastropods. In land pulmonata the 
youngs assume the* adult form and a slight 
trace of formation of velum is encountered. 
In other Gastropods typical molluscan 
larval stages are observed and the larvae 
may possess certain special organs such as 
the contractile sinuses (blister-like exten- 
sions of the integument assisting larval 
circulation) and the larval kidneys. In 


PHYLOGENETIC RELATIONSHIP 

OF MOLLUSCA 

1 unicates, Brachiopods, Bryozoans and 
Annelids were long regarded to be closely 
related to Molluscs. Excepting Annelids, 
relationship with other groups cannot be 
taken with confidence. 'I he structural and 
functional similarities with the Tunicates 
specially in the respiratory and feeding 
mechanism may be regarded as an 
instance of physiological convergence 
without having any' phylogenetic signifi- 
cance. I he affinities with the Brachiopods 
and Bryozoans do not warrant any atten- 
tion, as their structural" organisations 
differ widely. Indication^ of relation- 
ship between Molluscs and Annelids arc 
quite evident from the similarity in the 
developmental history of the two groups. 
Existence of Trochophore larva in the two 
groups is quite significant. The discovery 
of A eopilina galatheae has added more sup- 
port to the annelidan relationship of Mol- 
luscs. Neopilma forms a sort of connecting 
link between Molluscs and Annelids. Based 
on the typical molluscan plan, Neopilina 
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exhibits segmental arrangement of struc- 
tures, like shell muscles, auricles, nephri- 
dia, gills and gonads. This occurrence 
cannot be regarded as a chance of coinci- 
dence, but must be due to a phylogenetic 
relationship. Further research on this line 
is necessary to establish a definite phylo- 
genetic connection between Annelids and 
Molluscs. 

As regards the inter-relationship of the 
different groups of Molluscs it can be said 
that the Sole nogas t res and the Pro lob ran - 
chiate Bivalves occupy the simplest rank. 
But the primitive position is occupied by 
the class Monoplacophora which is repre- 
sented by Nenpilina galatheae . The Soleno- 
gastres, the Polyplncophora and the Gas- 
tropods may have evolved from a common 
ancestor as all of them possess paired 
ctcnidia, paired kidneys and paired auri- 
cles. The relationship between the Bivalves 


mankind. They are used as food and the 
shell is used to construct roads and yields 
lime for our use. Molluscan shell is used for 
making ornaments and jewelleries. ‘Pearl 1 
buttons prepared from shells of bivalves 
are extensively used. 

Formation of Pearl. Pearls have great 
economic value. Pearls are formed in 
some particular type of bivalves. Pearl 
is secreted by the mantle as a protec- 
tion against foreign objects, usually the 
parasites. The parasites are recorded 
to be the larval foims of fluke. The 
parasite occupies a position between the 
shell and the mantle (Fig. 17.67A). The 
larva is enclosed by mantle and forms 
a sac (Fig. 17.f>7B| which is formed by 
the growth of the mantle epithelium. 
Around the parasite thin concentric layers 
of nacre art 1 formed (Fig. 17.67C). The 


mantle parasite 



A 



B 


pearl 



Fig. 17.67. Stages (AC, 1 of pe arl formation. 


and the Gastropods leads to confusion. 
Presence of bivalve shell in Bivalvia and 
the asymmetrical anatomical configura- 
tion in Gastropoda cannot be interpreted. 
The Cephalopods possess certain primitive 
features in their anatomy, but the presence 
of highly specialised features, such as the 
transformation of the foot into oral arms 
and funnel, well-formed nervous system 
with better-developed eyes, development 
of cranial cartilage* make the Cephalopods 
completely isolated from the other groups. 
The Cephalopods demand the highest 
rank amongst the Molluscs. 

ECONOMIC IMPORTANCE OF 
MOLLUSCS 

Molluscs arc of great importance to 


parasite becomes sunounded by a good 
size pearl which prevents the parasite from 
doing anv harm. The pearl oysters of Eas- 
tern Asia are known as Margciritifera. In 
Japan, pearls arc artificially produced by 
introducing small foreign particle in the 
mantle in a particular type of Bivalve 
[Mclagnna; . 

For centuries, the ink of Sepia has been 
used as the pigment for the artists and 
photographers. 

Most of the Molluscs are beneficial to 
mankind but certain forms are indirectly 
detrimental. The slugs cause great damage 
to cultivation. Teredo damages the wooden 
portion of the ship immersed in water by 
boring through it. 


SUMMARY 

1. Mclluscs constitute a very well-defined group inhabit almost all the environments excepting 

of animals. They vary greatly in size and form. aerial. 

2. They have cosmopolitan distribution and 3. Molluscs arc notable for their structural 
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diversities which have resulted out of living in 
different ecological conditions. 

4. Despite their structural diversities they are 
characterised by having soft unsegmented body 
protected by calcareous shell developing from the 
mantle layer. 

5. The shell shows extreme variation in shape. 
Each species has a characteristic shell of its own. 
The shell may be made up of a single piece, two 
pieces and even it may be up to eight pieces. Ab- 
sence of shell in a few is either the case of primi- 
tiveness or a case of secondary degeneration. 

6. The soft part of the body is covered by a 
covering called the mantle. 

7. The foot is the locomotor organ in molluscs. 
It may be modified in different molluscs. Such 
modifications are the consequence of different 
functional activities, viz. creeping, leaping, burrow- 
ing, swimming or reproduction. 

8. The true coelom is greatly reduced and is 
restricted only in the pericardial, renal and genital 
cavities. The body cavity is a haemococl. 

9. Besides skin, the respiratory organ in aquatic 
molluscs are mostly the gills. In few cases these true 
gills are replaced by adaptive gills. The terrestrial 
forms respire by pulmonary sac or ‘lutig\ 


10. The number of gills in molluscs directly 
corresponds to the number of auricles. 

11. The excretory system comprises of one or two 
kidneys and pericardial gland. Each kidney has 
two openings, one internally communicating to the 
pericardium ( rem-pericardial aperture) and the other 
to the exterior called the nephridiopore. 

12. The blood is colourless and circulates mainly 
through lacunar spaces, excepting few forms where 
distinct vessels arc present, 

13. The nervous system exhibits gradual evolu- 
tion of complexities from a simpler organisation. 

14. In molluscs the sexes are mostly separate and 
few forms arc hermaphrodites. 

15. The development is mostly indirect and passes 
through a common trochophorc larval stage. This 
larval stage in the life of molluscs signifies their 
phylogenetic relationship with annelids. 

16. Molluscs arc classified into six classes — 
Monoplacophora, Amphinoura , Scaphopoda, 
Bivalvia, Gastropoda and Cephalopoda. Xeopilina, 
Chaetodermd , Chiton, Denial itim, Uniu , Pi la. Sepia , 
Octopus, are some of the common examples of the 
phylum. 



CHAPTER 18 


Phylum Echinodermata 

I he phylum Echinodermata includes a great variety of exclusively marine animals. 
T. hey 'are specially noted for their pcntarncrous and radially symmetrical body cons- 
tructions (tig. 18.1). The unique feature of the phylum is the presence of bilateral 
symmetry in the larval phase. The radial organisation in an adult is regarded as a 
secondary acquisition and has been derived from the bilaterally symmetrical ancestors. 



Pig. 18.1 . Ecliinodirm has radially symmetrical and peiUamerous body plan. 


IMPORTANT FEATURES 

The phylum Echinodermata contains 
a large number of diverse forms. They 
possess the following important characteris- 
tic features: (1) The echinoderms are exclu- 
sively marine. (2) The body exhibits radial 
and pcntarncrous symmetry in adult, but 
the larvae arc bilaterally symmetrical. 

(3) Distinct anterior end or head is lacking. 

(4) The surface of the body is covered by 
warts or calcareous ossicles and spines. (5) 
The body is distinguishable into oral and 
aboral surfaces. (S) The surface of the 
body is marked by five equidistant radiat- 
ing ambulacra with intervening interambula- 
cra. (7) True icoelom is present, which deve- 


lops from the archentcron (enterocoelic). 
The coelom is lined by peritoneum of meso- 
dermal origin. The peritoneum is differen- 
tiated into visceral peritoneum , covering the 
outer side of the alimentary canal and the 
parietal peritoneum , lining the inner surface 
of the body wall. (8) The digestive canal 
is mostly a coiled tube and the anus is 
placed dorsally. (9) A characteristic water 
vascular system is present which performs 
many functions. (10) In most cases, the 
locomotor organs are the tubular contrac- 
tile tube- feet or podia. (11) The haemal system 
or blood lacunar system is present in all 
echinoderms. It becomes highly deve- 
loped in Echinoids and Holothuroids. (12) 
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The nervous system is primitive and con- 
sists of radially arranged anastomosing 
nerve cords. (13) There are no definite res- 
piratory and excretory systems in most of 
the cases. (14) Reproduction is exclusively 
sexual except a very few forms which is 
discussed under the general note on asexual 
reproduction of this phylum. In most of 
the echinodcrms, the sexes are separate. 
The gonads are very simple in nature. 
Fertilization is external. (15) The deve- 
lopment of echinodcrms involves a large 
number of bilaterally symmetrical, ciliated 
and free-swimming larval forms. 

CLASSIFICATION IN OUTLINE 

The phylum Echinodermata is classified 
into two Subphyla, Eleutherozoa and 
Pelmatozoa. The Subphylum Eleutherozoa 
is subdivided into five classes, Asteroidea* 
Echinoidea y Hohthuroidea , Ophiuroidea and 
Ophiocist widen. The Subphylum Pelmatozoa 
has five classes, Ueterostelea , Cystidea , Bias- 
toidea , Crinoidea and Edrioasleroidea. 

Example of the Phylum Echinodermata 

—ASTERIAS 

The genus, As ten as is the common 
representative of the class Asteroidca. The 
members of this class are generally c alled 
the ‘Starfishes’ or ‘Sea-stars’. This name 
comes from the star-like appearance (Gr. 
After*— star). There arc many species under 
the genus Asterias and the description 
given below will give a general idea about 
the anatomical organisation of the group. 

Habit and Habitat 

Asterias is a marine and widely distri- 
buted member of echinoderm. All the 
species under this genus are benlhonic 
animals, because they inhabit the bottom 
of the sea. They are quite abundant on 
various types of sea-bottoms, specially at 
places where bivalves arc available as food. 
They are carnivorous and predacious ani- 
mals. They prefer to stay on rocky or stony 

f daces where they can hide very easily and 
ead a sluggish life. Majority of the forms 
are photonegative and prefer to live in sha- 
ded areas. A few exceptions are the Asterias 
rubertSy Asterias gibbosa, Asterias patteeri, where 
positive response to light is observed. 

External structures 

S Asterias has a five-pointed star-shaped 
[body (Fig. 18.2A). The body coasists of 
central disc and five symmetrically placed 


arms (or rays). Sometimes individuals 
with more than five arms arc found in 
nature. Many starfishes have even four 
arms. Leptasterias has a six-rayed body. 
The genus Solas ter has seven to fourteen- 
ray cd body and Pyr nopodia helianthoides 
possesses fifteen to twenty-four arms 
Occurrence of less than five arms may 
be possibly, due to mechanical injury. 
The arms arc conspicuously broad at 
their bases and they gradually taper to- 
wards the tips. The body has two surfaces, 
the upper convex and much darker side 
is called ahoral or abactinal side. The 



Fig. IB. 2. External features of Asterias. A. Ahoral 
view. B. Oral view. 

other side is flat, less pigmented and is 
designated as oral or actinal side. The 
body exhibits radio! symmetry. The 
imaginary lines dividing the central disc 
and the arms are called the radii and the 
intervening regions between the radii are 
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called inter-radii . The body is covered by 
a hard and tough covering containing 
numerous calcareous ossicles . At the centre 
of the oral surface of the centra] disc, a 
five-rayed aperture called mouth or 
actinosome (Fig. 18.2B) is present. This 
opening is surrounded by a membranous 
peristome and it also possesses five groups of 
oral papillae . Five narrow ambulacral grooves , 
one on each arm, run orally from the five- 
rayed aperture to the extremity of the 
arms. The edges of these grooves are pro- 
vided with two or three rows of movable 
calcareous ambulacral spines . Besides the 
ambulacral spines, rows of immovable 
stout spines are also present. The aboral 
side contains numerous irregular rows of 
short and stout spines supported by 
ossicles. The oral and aboral surfaces of 
the body are separated by a row of promi- 
nent spines. Many dermal pores are situated 
in the spaces between the ossicles on the 
aboral side. 

A minute aperture, called anus , is 
situated at the centre of the aboral 
surface. On the same side of the body, 
between the bases of two of the five arms 


( bivium ), there lies a structure called 
madreporite (Fig. 18.2 A). The madreporite 
is a flat disc-like body with radiating 
grooves. The presence of more than one 
madreporite in some species is possibly due 
to increase of the number of arms beyond 
the normal number of five. 

Scattered all over the body surface there 
are many microscopic bodies called 
pedicellariae (Fig. 18.3A), each consists of 
a flexible stalk and three calcareous pieces 
— one basilar and two jaws or valves . The 
jaws are attached with the basilar piece. 
The pedicellariae are modified spines. This 
particular variety of pedicellariae is called 
the pedunculate type. Two types of pedun- 
culate pedicellariae are encountered in 
Asterias (Fig. 18. 3B). These are: (1) 
Straight Pedicellariae — when the two jaws 
remain more or less straight on the basilar 
piece. (2) Crossed Pedicellariae — when the 
basal portions of the jaws are curved and 
cross each other. 

The pedicellariae arc protective organs. 
The jaws arc movable on the basilar piece. 
The jaws are operated by two sets of 
muscles - two pairs of abductor muscles and 
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Fig. 18.3. A. Enlarged view of the spine with papulae and pedicellariae of Asterias. B. Structure 
of Pedicellariae. (1) Straight type, (2) Grossed type of G. Diagrammatic sectional view 

of papular ration of Asterias. 
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one pair of abductor muscles . In natural con- 
dition and in well-preserved state two 
double rows of tube-feet or podia are seen in 
the ambulacral grooves. Each tube-foot 
or podium has a soft tubular body and 
it ends in a sucker. These are locomotor 
organs and are capable of great extension. 
At the tip of the ambulacral groove, sense 
organs are placed. A minute red spot, 
called the eye, is present at the extremity of 
each ambulacral groove on the oral side. 
The eye is composed of several ocelli. 
Just above the eye lies a median unpaired 
terminal tentacle. This tentacle resembles a 
tube-foot but lacks the sucker and is re- 
garded as olfactory organ 

Structure of body wall 

The body is covered externally by 
cuticle . The cuticle is differentiated into an 
outer thick homogeneous layer and a very 
delicate inner layer. The epidermis is situat- 
ed beneath the cuticle. The shape and 
structure of the cells composing of the epi- 
dermis vary greatly at different regions of 
the body. Usually these cells are of ciliated 
columnar types. Besides them, several 
other cells are also present. The cells are 
neurosensory cells, pigment cells and glandular 
cells. The gland cells are of two varieties — 
goblet or mucous cells and muriform gland 
cells. The muriform types contain coarse 
granules and the goblet types have very 
fine granules. Beneath the epidermic lies a 
network of nerve fibrils. The dermis is com- 
paratively thicker. It is mesodermal in 
origin and is composed of fibrillar connec- 
tive tissue. The epidermis and the dermis 
are separated by a delicate basement mem- 
brane . The dermis contains the endoskelctal 
ossicles and also possesses a system of 
canalicular haemal spaces. Beneath the 
dermis lies the muscular layer. This layer is 
divided into an outer circular muscle 
layer and an inner longitudinal muscle 
layer. The innermost layer of the body 
wall is lined by the coelomic epithelium. 

Skeleton 

The rigidity of the body of Asterias is 
due to the pregence of definite skeleton. 
This supporting skeleton comprises of the 
main deeper skeletal elements embedded 
in the dermis and the superficial skeleton 
in the forms of spines, warts and tubercles 
which are borne on the deeper skeleton. 
The ossicles are of various shapes and 
bound together by connective tissue. 


The ossicles have distinct pattern of 
arrangement. The mouth is surrounded by 
five plate-like oral ossicles . Each ambulacral 
groove is supported by double rows of 
rod-like ambulacral ossicles . These ossicles 
are articulated with the adambulacral 
ossicles at their aboral ends like an 
inverted ‘^\\ The apex of the i p L y pro- 
jects into the coelom and forms a promi- 
nent ambulacral ridge . The ambulacral 
ossicles are movably articulated so as to 
allow the closure and opening of the 
ambulacral groove. A row of lateral 
adambulacral ossicles meets the ambulacral 
ossicles on their outer ends. The adam- 
bulacral ossicles bear movable spines. In 
some forms of Asterias, one or two rows of 
additional ossicles are present. They are 
called supramarginal and inframarginal 
ossicles depending on their position. The 
marginal ossicles form the dorso-latcral 
sides of the arms and usually remain cov- 
ered by small ossicles. A series of carinal 
ossicles forms the mid-dorsal skeleton ot the 
arms. Between the carinals and the mar- 
ginal ossicles there may be a number of 
elongated dorso-latcral ossicle’s. 

The arrangement of skeletal elements on 
the aboral side is indistinct in adult, but 
in a freshly metamorphosed Asterias the 
arrangement is distinct. At the middle of 
this side a central plate is present which 
bears the anus. This central plate is sur- 
rounded by five interradial plates. One of 
such plates incorporates the madreporite. 
The interradial plates are surrounded by 
radially placed terminal plates. In starfishes 
where the number of arms exceed five, 
the interradial and terminal plates increase 
with the number of arms. As the arms grow 
in length the terminal plates arc also 
shifted to the tip and additional row of 
plates develops behind the terminals. 
These plates which develop behind the 
terminals constitute the; carinals of the 
mid-dorsal line of the ar4»s. 

Section of arm 

If one of the arms of Asterias is sectioned 
the following structures become visible 
(Figs. 18.4 and 18.5): 

1 . The wall of the arm shows the appear- 
ance of an arch with its convexity upwards. 
The aboral side is thicker than the oral side. 

2. The body wall consists of epidermis, 
dermis, muscular layers and coelomic epi- 
thelium. The epidermis consists of ciliated 
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Fig. 18.4. Diagrammatic longitudinal section of the disc and an arm of Asterias. 



columnar cells, neurosensory cells, pigment 
cells and two types of gland cells. Above 
the epidermis there is the cuticle. Beneath 
the epidermis lies the basement mem- 
brane. The dermis is mesodermal in origin 
and is fibrillar in nature. The dermis is 
thicker than epidermis and contains hae- 
mal spaces and endoskeleton in the form 
of ossicles. The muscular layer is situated 
beneath the dermis. The muscular layer is 
differentiated into an outer circular layer 
and an inner longitudinal layer. The 
coelomic epithelium forms the inner lining 
of the body wall. 

3. The surface Oi me oody bears spines, 
tubercles, pecjicellariac and warts which 
are borne on tie deeper skeletal elements. 


4. The deeper skeleton consists of 
ossicles of various shapes. The ambulacral 
groove is supported by two rod-like ambu- 
lacral ossicles, articulated at their aboral 
ends like an inverted < i \’ with the upper 
transverse ambulacral muscle. Two adam- 
L 4 acral ossicles, one on the lateral side 
of each ambulacral ossicle, are present. 
The aclambulacral ossicles bear movable 
spines. The upper dorio-median side 
of the arm contains £arinal ossicle. Bet- 
ween the carinal and adambulacral ossi- 
cles there exist supra- and infra-marginal 
ossicles which form the lateral walls of 
the arm. 

5. Projecting between the dermal ossi- 
cles there are many hollow outgrowths of 
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the body called respiratory papulae. 
They are quite abundant on the aboral 
surface. 

6. The spacious cavity enclosed by the 
body wall is called coelom. Scattered 
coelomocytes are present in the coelomic 
space. 

7. In the ambulacral groove there are 
double rows of tube-feet. The tube-foot has 
a tubular body ending in a sucker. Each 
tube-foot is continuous with a bladder-like 
ampulla situated in the cavity of the arm. 

8. In the cavity of the arm, there arc 
two pyloric caeca which remain suspended 
from the aboral body w r all by two mesen- 
teries. 

9. Two gonads are located in the cavity 
of the arm between the pyloric caeca and 
the ampullae. 

10. Towards the oral side, sectional views 
of radial canal and lateral or podial canals 
of the water vascular system are seen. 

11. Towards the oral side, sectional view 
of the radial nerve, Lange’s nerve, hypo- 
neural sinus with its dividing septum con- 
taining radial haemal strand are present. 

Coelom 

Asterias has a spacious coelom. The 
coelom is enterococlic in origin. It sur- 
rounds the alimentary canal and the 


gonads. Besides this main perivisceral 
coelom, there are many small coelomic 
cavities like water vascular system, axial 
sinus, perihaemal cavities and genital 
sinuses. The inner surface of the perivisce- 
ral coelom is lined by ciliated epithelium 
which is differentiated into two separate 
layers. The parietal layer covers the inner 
surface of the body wall and the visceral 
layer forms an investment for the different 
organs contained in the body. The coelom 
is filled up with coelomic fluid. This fluid 
is chemically similar to sea water in com- 
position and contains amoeboid coelomo- 
cytes. However, potassium is present in 
higher concentration than in sea water 
(Robertson, 1949). Traces of amino nitro- 
gen are reported to be present in asteroids 
(Ferguson, 1 964) . A small amount of reduc- 
ing sugar is present in perivisceral fluid of 
Asterias forbesi (Ferguson, 1964). Excretory 
products like urea and ammonia are also 
present in coelomic fluid (Delaunay, 1931 ). 
The coelomocytes are highly phagocytic and 
are supposed to be excretory in function. 

Digestive system 

The digestive system (Fig. 18.6A) inclu- 
des alimentary canal and digestive glands. 
The alimentary canal is a very short 
straight tube. It extends from the oral to 
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Fig. 18.6. A. Aboral view of the digestive tract of Asterias, B. Pyloric stomach and intestinal caeca of 
Asterias (enlarged view). G. Attachment of pyloric caeca v/ith the aboral wall of arm of Asterias . 


PHYLUM ECHINODERMATA 


581 


the aboral side of the body. The mouth is 
located near the centre of the oral surface. 
The mouth leads into a very short and 
wide oesophagus. The oesophagus passes into 
a spacious stomach. The stomach is dis- 
tinctly divided into two parts by a hori- 
zontal constriction. The voluminous an- 
terior portion is called cardiac stomach 
and the smaller posterior chamber is called 
pyloric stomach . The cardiac stomach is a 
five-lobed sac. Its inner wall becomes 
greatly folded. The cardiac part is attached 
to the ambulacral ridge by two gastric 
ligaments and is capable of being everted 
through mouth. The cardiac stomach 
communicates with the pyloric stomach. 
The pyloric stomach is a pentagonal 
sac and each angle is produced into 
a pair of large glandular appendages. There 
are, in all, ten such glandular structures. 
They possess various names such as pyloric 
caeca or digestive glands or brachial caeca 
or hepatic caeca (Fig. 18.6B). The pyloric 
caeca are glandular in nature and secrete 
digestive enzymes. They start as cylindrical 
duct which immediately divides into two 
tubular stems. The tubular stems give off 
two series of short lateral branches. The stem 
extends up to the tip of the arms. The 
lateral branches dilate at their tips to form 
numerous small pouches. The pyloric 
caeca are attached with the aboral wall of 
the arm by mesenteries (Fig. 18.6C). 
The pyloric caeca have the typical 
histological picture of the alimentary 
canal, but the lining epithelium is very 
thick. It is lined by four types of cells. 

The cells are: (1) Flagellated cells with 

long flagella to maintain a constant circu- 
lation of fluid. (2) Secretory cells — produce 
digestive enzymes. (3) Mucous cells - -sec- 
rete mucus. (4) Storage cells — contain 
lipid, glycogen, polysaccharide-protein 
complex as stored food. Heyde (1922) 
performed a series of experiments on diges- 
tion in As ter i as and advanced the idea 
, that proteolylic activity is encountered 
in both stomach and pyloric caeca. But 
the other enzymes, like amylase, lipase, 
etc. are not found. 

The pyloric stomach opens into a short 
conical intestine which opens to the exterior 
through anal aperture situated on the aboral 
side. From the intestine, two hollow intesti- 
nal caeca are given ctfT interradially. These 
intestinal caeca are provided with several 
short irregular branches. The greatly fold- 
ed inner lining l of the intestinal caeca con- 


tains mucous and gland cells. These are 
brownish in colour and secrete brown 
coloured fluid. The exact physiological 
role of these structures is not known but, 
with all probability, they help in excretion. 
These structures are homologised, by 
many, with the respiratory trees of the 
holothurians. 

The histological picture of the alimen- 
tary canal reveals that the outer layer is 
composed of the visceral layer of the 
coelomic epithelium. The next layer is the 
muscular layer and the innermost layer 
comprises of endoderm or enteric epithe- 
lium. 

Respiratory system 

Respiration is carried on by numerous 
papulae. The papulae are delicate hollow 
outgrowths of the body wall (sec Fig. 
18.3C) and project between dermal ossi- 
cles. These are distributed abundantly on 
the aboral side of the body. The histologi- 
cal structure is same as that of the body 
wall excepting the thinness of the dermis 
and the absence of dermal skeleton. The 
lumen of each papula is continuous with 
coelom and is lined by ciliated coelomic 
epithelium. Through these respiratory 
papulae exchange of oxygen and carbon 
dioxide takes place by diffusion. In addi- 
tion to the papulae, the water vascular 
system also helps in respiration. Meyer 
(1935) proved that the tube feet of each 
ambulacral groove in Asterias rubens are 
responsible for approximately 10% of 
total 0 2 uptake. 

Water vascular system 

The water vascular system is the most 
characteristic system in Asterias and plays 
a number of vital functions (Fig. 18.7A). 
It starts with the madreporite and gives off a 
system of vessels traversing the body. The 
madreporite is a round calcareous plate 
(Fig. 18.7B) and has an interradial dis- 
position on the aboral surface. The madre- 
porite contains furrows which have nume- 
rous pores at the bottom. Each pore leads 
into a pore canal. The numb'er of pores and 
pore canals may be about two hundred. 
The pore canals unite ^form collecting 
canals which open into madreporic am- 
pulla. This ampulla proceeds downwards 
as an ‘S’-shapcd cylindrical madreporic 
or stone canal . The wall of this canal is sup- 
ported by a number of calcareous rings, 
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hence the name stone canal. From the wall 
of the stone canal projects a ridge which 
bifurcates into two lamellae. The lamellae 
become spirally rolled to occupy a con- 
siderable portion of the lumen of the stone 
canal. In some species of starfishes, the 
lumen of the stone canal becomes very 
much complicated due to extensive deve- 
lopment of the lamellae. Most of the 
pore canals from the madreporite open to 
the stone canal and the rest open to the 
axial sinus. 

The stone canal opens below into a 
considerably wide pentagonal ring canal. In 
certain starfishes, there occur pear-shaped 
sacs called polian vesicles which are connec- 
ted with the ring canal interradially. The 
usual number of polian vesicles are ten, 
two in each interradius. But the number 
vary in different starfishes. In Asterias. 
polian vesicles are wanting as such. The 


neck of each polian vesicle is provided with 
a pair of small spherical glandular struc- 
tures called Tiedemann's bodies . As the 
Polian vesicles are absent in Asterias, the 
ring canal gives off interradially nine such 
Tiedemann’s bodies. The interradius 
which bears stone canal has only one 
Tiedemann’s body. The significance of 
these bodies is not properly known. They 
are regarded by many workers as lym- 
phatic glands manufacturing amoebo- 
cytes of the water vascular fluid. Besides, 
Kowalevsky (1889) first observed that 
if a sea-star is allowed to live in sea-water 
containing Indian ink or some vital dye, 
the colour is accumulated in the epithelial 
cells lining their lumina. But the absorp- 
tive function of the epithelial cells is not 
yet confirmed. 

The stone canal lies folded in the wall of 
a wide axial sinus, a part of the haemal 
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Fig. 18.7. A. Water vascular system in Asterias. Note that in Asterias the poliag vesicles are 
absent. B. Enlarged view of the madreporite of Asterias. G. Diagrammatic sectional view of 
a tube-foot and its nerve supply in Asterias. 
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system. The axial sinus communicates with 
the stone canal aborally and opens to the 
exterior through some pores of the madre- 
porite. Associated with the stone canal 
and infolded in the wall of the axial sinus 
there lies the axial organ (see Fig. 18.8B). 
The actual function of this organ and its 
relation with the water vascular system 
is still unknown. 

The ring canal gives off five radial canals 
along the ambulacral grooves of the arms. 
The radial canals run up to the tip of the 
arms and end as the lumen of the terminal 
tentacle. The radial canal gives out small 
side branches called the lateral or podial 


In Asterias, the ampullae are simple and 
undivided. 

The vessels of the water vascular system 
have muscular wall with an internal epi- 
thelial lining. The muscular layer becomes 
highly developed in the tube-feet and 
ampullae. 

Haemal system or Blood lacunar 
system 

The blood lacunar system as such is 
absent in Asterias, but its function has been 
taken up by a special system called haemal 
system. This system of channels is enclosed 
by coelomic spaces (Fig. 18.8A). These 
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Fig. 18.8. A. Haemal system of Asterias. B. Sectional view of haemal complex in Asterias. 
G. Sectional view of a haemal channel in Asterias. 


canals. Each lateral canal, after reaching 
the ambulacral pore, divide at right 
angles into two branches. One of the 
branches, is continued as the lumen of the 
tube-foot (Fig. 18.7G) and the other as the 
cavity of the ampulla. The ampullae are 
rounded sac-like bodies arranged in one or 
two rows on each side of the ambulacral 
ridge. Usually on<yampulla is present in 
each tube-foot. In certain starfishes, the 
ampulla may, be bilobed (Astropecten irre- 
gularis), with a constriction at the middle. 


spaces are sometimes designated as peri- 
haernal system. The haemal channels 
are lined by coelomic epithelium with an 
inner connective tissue layer (Fig. 18. 8B). 
The haemal channels are actually inter- 
communicating spaegs and are not true 
blood vessels. They develop like the hae- 
mococl of other animals' So the term peri- 
haemal system comprising the cavities 
enclosing the haemal channels seems rather 
confusing. In our present discussion only 
the haemal system has been described. 
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The haemal system includes an oral 
haemal ring which proceeds in the septum 
of the hyponeural sinus. The oral haemal 
ring gives off' radial haemal sinuses into 
the arms. Each arm has one radial haemal 
sinus which is situated in the septum of the 
hyponeural radial haemal sinus and gives 
off branches to the tube-feet. In the aboral 
side there is an aboral haemal ring which 
gives haemal branches (genital branches) 
to the gonads. The oral haemal ring 
is communicated with the aboral haemal 
ring by an ascending haemal plexus in the 
axial gland. Two gastric haemal tufts open 
into the haemal plexus of the axial gland 
towards its opening into the aboral haemal 
ring. The gastric tufts are the only part of 
the haemal system which is not enclosed 
by the so-called perihaemal cavities. 
According tQ some authors about twenty 
pyloric haemal channels are in communication 
with the axial gland and haemal plexus 
through gastric haemal tufts. Each pyloric 
caecum is attached with the aboral wall 
of the arms by a pair of mesenteries and 
each mesentery contains a pyloric haemal 
channel at the base. Through these chan- 
nels digested food is conveyed to the hae- 
mal system. 

The cavities of the haemal channels arc 
filled with coelomic fluid containing 
coelomocytes (Fig. 18.8C). This fluid in the 
haemal system undergoes slight move- 
ment and helps in the distribution of diges- 
ted foods to different parts of the body. 
The haemal plexus of the axial gland is 
regarded as the ‘heart’ of the haemal 
system. Besides the axial gland, contracti- 
lity of the terminal process of the axial 
gland, gastric haemal tufts, aboral haemal 
ring is also observed by some workers. 

Axial complex 

Asterias has a very well-formed axial 
complex comprising a coelomic cavity 
enclosing the stone canal and axial gland 
(Fig. 18.8B). The axial complex remains 
intimately associated with the inter- 
brachial septum. The axial sinus is a 
thin-walled tubular cavity which opens 
orally into the inn^r smaller ring of the 
hyponeural ring sinus. It opens aborally 
into the genital sinus and finally into the 
ampulla of the stone canal. The axial 
gland is a long spongy body of brown or 
purple colour and gives a small terminal 
process at the aboral end. This process is 


surrounded by a contractile closed sac 
named as terminal sac or dorsal sac or madre - 
poric vesicle . This vesicle is situated very 
close to the ampulla of the stone canal, but 
has no connection with it. The axial gland 
terminates orally in the septum of the hypo- 
neural ring sinus. The axial gland is vari- 
ously called as heart, ovoid gland, brown 
gland, septal organ and dorsal organ. The 
function of the axial gland and its relation 
to other systems are still disputed. It has 
an interior core of connective tissue tra- 
versed by many spaces containing coelo- 
mocytes and externally it is covered by a 
coelomic epithelium. The histological pic- 
ture reveals its similarity with the haemal 
system and both are closely associated. 

Locomotion 

The water vascular system in Asterias 
operates on the principle of hydraulic 
pressure during movement. This system is 
indirectly concerned with the locomotion 
of the animal. The water vascular system 
is always filled with fluid and the loss of 
fluid from the tube-feet is instantaneously 
compensated by the intake of water into 
the system through the rnadreporite. In 
Asterias, locomotion is caused by the 
action of the tube-feet. These are present 
as two double rows onjjach ambulacral 
groove. They have soft tube-like bodies 
with sucker at the tips (see Fig. 18. 7C). 
They are capable of being extended out- 
wards and forwards to the direction in 
which the animal moves. By alternate ex- 
tension and contraction of all the tube-feet, 
the starfish progresses quite steadily over 
the surface. 

When the animal moves to a particular 
direction, the arms on that side are lifted 
from the surface and the tube-feet become 
greatly extended. The extension of the 
tube-feet is caused by the contraction of 
the ampullae. Due to contraction, the 
fluid from the ampullae i$ forced through 
the tube-feet. The presence of valves at the 
bases of the lateral vessels prevents re-entry 
of water into the radial capals. As the tube- 
feet are extended towards: the direction of 
movement, the suckers at: the ends of the 
tube-feet adhere to the substratum. The 
suckers produce vacuum cup at the 
centre. The tube-fedc ^gradually contract 
and thus the animal is brought forward. 
The tube-feet finally relax and release their 
holds on the substratum. ?The tube-feet 
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again extend forward to apply the suc- 
kers to the new places by the same fashion. 
By such alternate process of contraction 
and relaxation of tube-feet the animal 
moves very slowly. This type of progression 
is possible when the animals move on 
hard surface under water. During progres- 
sion the tube-feet work in this manner by 
extending towards one direction. This co- 
ordinated action of the tube-feet is con- 
trolled by the nerve ring and the radial 
nerves. It is also observed that the tube-feet 
are lined by long gland cells which secrete 
sticky fluid to lubricate the process. In 
Asterias, the tube-feet are provided with 
suckers. In other mud-dwelling forms the 
suckers become inactive and they utilise 
the tube-feet as miniature legs. 

Excretory system 

Definite excretory organ is lacking in 
Asturias. By injecting various coloured sub- 
stances into the coclomic fluid, it is ob- 
served that the coelomocytcs play the main 
role in excretion. The intestinal caeca, in 
addition to other functions, extract waste 
products from the coelomic fluid and elimi- 
nate the wastes through alimentary canal. 

These nitrogenous waste products diffuse 
out from the body into the coelomic fluid. 
These are immediately engulfed by the 
wandering coclomocytes and pass out of 
the body through the papulae. The nitro- 
genous wastes include ammonia, urea 
and traces of uric acid. The presence of 
creatine and creatinine in Asterias is very 
significant, because these substances arc 
not found in any other invertebrates. 

Nervous system 

The nervous system of Asterias is very 
simple. It includes only nerve net and 
has no central ganglionic formation. The 
nervous system consists of three systems 
oral or ecioneural system, deep or hyponeural 
system and coelomic nervous system. 

Oral or Ectoneural Nervous System. 
This system includes the main part of the 
nervous system and is situated below 
the epidermis. This includes a nerve 
pentagon situated in the peristomial 
membrane surrounding the mouth. The 
nerve pentagon at each radius gives off a 
radial nerve whiqjft runs as a slender thick 
band throughout the ambulacral groove. 
The radial *ierve is situated just below the 
radial canal as median integumentary 


thickening. The radial nerve ends as a 
sensory p'ad or cushion at the base of the 
terminal tentacles. The radial nerve gives 
branches to the tube-feet and becomes con- 
tinuous with the subepidermal nerve plexus 
of the body wall. The nerve pentagon and 
the radial nerves consist of nerve fibrils 
with scattered bipolar and multipolar 
nerve cells. The radial nerve appears like 
a thick ‘V’-shaped body below the hypo- 
neural sinus. It is separated from the 
hyponeural sinus by a thin dermis and 
coelomic epithelium. 

Deep or Hyponeural Nervous System. 
The different nerves composing this system 
are motor nerves. This nervous system 
comprises of Lange's nerves. Lange’s nerve is 
a plate of nervous tissue situated beneath 
the coelomic epithelium of the hyponeural 
sinus and forms a lateral lining on the wall 
of this sinus. Lange’s nerve extends as five 
inter-radial nerve thickenings above the 
main nerve pentagon of the ectoneural 
system. Each Lange’s nerve innervates the 
muscles of the corresponding arm. 

Coelomic Nervous System. The sub- 
epithelial nerve plexus at the outer ends of 
the ambulacral ossicles forms marginal 
nerve cord on two sides of the arms. The 
marginal nerve cord gives off lateral motor 
nerves which proceed to the aboral side 
between the adambulacral and ambulacral 
ossicles to reach the coelomic lining. 
Beneath the entire coelomic lining the 
nerves form plexus which innervates the 
body wall musculature and the gonads. 

Sense organs 

The neurosensorv cells, terminal ten- 
tacles and the eyes are the sensory units in 
Asterias. 

Neurosensory cells. These cells are 
tactile in function and act as chemore- 
ceptors. They are present throughout the 
body, but are quite abundant in the 
suckers of the tube-feet, in the ambulacral 
regions, in the epidermis, at the base of 
pedicellariae and spines. Each neurosen- 
sory cell has a slender fusiform body. 
The proximal end is connected with sub- 
epithelial nerve plexus and the distal end 
goes up to the cuticle* * 

Terminal tentacles.' They are regard- 
ed as tactile receptors. These sensory 
organs help to survey the environment 
during locomotion. 
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Eyes, They constitute the major sense the gonads are attached to the aboral 
organs. At the base of each terminal body wall near the interbrachial septum, 
tentacle towards the oral side a pigmented Each gonad is an elongated branched body 
eye spot is present. Each 'eye' consists of which becomes considerably enlarged at 
numerous photoreceptors in the forms of maturation stage. The gonad is enclosed 
cup-like pigmented ocelli . Each ocellus in a coelomic genital sac. Microscopical 
is covered over by cuticle. The wall of the examination reveals that the gonad is 
cup is composed of red pigmented cells lined by a germinal epithelium with a con- 
and retinal cells. The epidermis beneath nective tissue matrix containing germ cells, 
the cuticle of the cup may form lens which Very near to the point of attachment 
may be absent in some cases. The number with the interbrachial septum, each gonad 
of ocelli per eye may be about 80-200. gives out a very short . ciliated gonoduct 
The number may even increase with age. which opens to the exterior through gono- 

pore situated on the aboral side at the 
Reproductive system angle of the arms. 

Reproduction, in Asterias, is mainly 
sexual but asexual reproduction by split- fertilization 

ting of the body also takes place. The The sex cells are set lree into the sea 
sexes are separate but sexual dimorphism water and the fertilization is thus external, 
is absent. The ovaries and testes are 
similar in appearance. They are Development 

situated in the same place of the body. The developmental sequences are best 
There are ten testes or ovaries, two in each known in an allied form of Asterias, 
arm of the body. The proximal ends of' Aster ina gibbosa (Fig. 18.9). The eggs are 



Pig. 18.9. Developmental stages of Asterias. A. Egg. B-D. Si, ages of segmentation. E. BlastuLa. F. Early 
gastrula. G. Gastrula. H. Early Bipinnaria larva. I. Brachiolaria larva. J. Aboral sitjltf of young 
Asterias. K. Oral side of young Asterias . Note that the figures E-G are sectional views. 
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spherical and yolky. Each egg measures 
about half of a millimetre in diameter. 
After fertilization the zygote divides into 
two. The cleavage is total and is practi- 
cally equal. The two cells produced by 
first cleavage, divide to form four cells. 
The process of such division goes on until 
thirty-two cells are produced. These cells 
are arranged in such a manner that they 
enclose a central cavity ( blaslocoel ) and this 
stage is called blasttila. The outer surface 
develops vibratile cilia and the inner cavity 
increases by repeated cell divisions. Gastru- 
lation starts as a process of invagination 
and a double-walled gastrula is formed. 
The invaginated sac forms the archenteron 
and opens to the exterior through the 
blastopore . The gastrula elongates and the 
cilia over the surface of the body become 
restricted along definite bands. The gas- 
trula is transformed into a larva in course 
of time. 

The shape of the larva gradually chan- 
ges. With the elongation of body, the 
blastopore, at me middle of the two poles, 
becomes subsequently shifted to the pos- 
terior end. The outer layer is converted 
into ectoderm. The space between the 
ectoderm and the endoderm becomes 
occupied by the mesenchyme. The cavity 
of the gastrula becomes distinguishable into 
two parts, the archenteron and the enterocoel. 
The narrower proximal part is called the 
archenteron and the wider terminal part 
is called the enterocoel. The blastopore be- 
comes the larval anus. The enterocoel 
gives off right and left lateral pouches 
called the enterocoelic pouches. The entero- 
coel becomes completely closed off from 
the gut and becomes divided into three 
parts, an anterior part and two lateral 
(right and left) parts in the form of 
pouches. The left pouch grows faster than 
the right and proceeds posteriorly in the 
space between the body wall and the 
alimentary canal. The pouches coalesce 
posteriorly to give origin to the coelom 
in adults. The anterior undivided portion 
becomes subsequently cut off from the 
lateral pouches and forms the coelom 
of the preoral lobe. This part gives off a 
five-1 obed extension called hydrocoel on 
the left. From the hydrocoel the entire 
adult ambulacral system develops. Two 
apertures appe^j^ on the surface— one 
is the mouth on the ventral side and the 
other on the dorsal side called the dorsal 
pore. The mouth opens into the larval 


stomach and the larval anus soon closes. 
The particular type of larva in starfishes 
is called Bipinnaria larva . It has bila- 
terally symmetrical lobes with ciliated 
bands. The Bipinnaria larva is succeeded 
by Brachiolaria stage. The detailed struc- 
tures of these larval forms have been dis- 
cussed separately in the general notes on 
EcJiinodcrrnata. 

The prcoral lobe of the larva assumes an 
elongated cylindrical larval organ. An ele- 
vation, the rudiment of sucker, develops 
at the middle of the larval organ. The 
sucker helps in the attachment of the larva 
during metamorphosis. The larva is trans- 
formed into the livc-rayed starfish by the 
elimination of the preoral lobe, by the 
development of the arms and tube-feet 
and by changing the internal structures. 
The larval mouth disappears and a new 
mouth is formed at the centre of the 
hydrocoel. The permanent anus is formed 
on the dorsal side. 

Example of the Phylum Eghinodermata 

— ECHINUS 

The genus Echinus is a typical example 
of the class Echi noidea. The name of 
this animal came from a Greek word 
Echinos meaning hedgehog. The body of 
Echinus is covered by long spines resemb- 
ling that of hedgehog, hence the name 
Echinus. The representatives of the class 
Echinoidea arc generally known as sea- 
urchins, heart-urchins and sand dollars. 
They have round or oval bodies and the 
following description of Echinus will give 
a general idea of the class. 

Habit and Habitat 

Echinus is a marine and benthonic. 
animal. They usually live in intertidal 
zones and may also extend to the depth of 
about 5000 m. They habitually live in 
hard or rocky bottoms. They arc gre- 
garious forms. They eat all sorts of food 
available at the bottom of sea. Many 
small slow-moving and sedentary animals 
become the victims of Echinus. 

• 

External structures 

Echinus has a spherical body with a 
flattened oral surface. The internal struc- 
tures of the body are housed in a shell or 
corona. The corona is overlined by delicate 
and ciliated epidermis . The corona is com- 
posed of plates which are firmly sutured 
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together excepting the two leathery areas, 
one at the oral side called peristome 
and the other on the aboral side called 
periproct (Fig. 18.10A). The mouth is placed 
at the centre of the peristome (Fig. 18.10B) 
and the anus is eccentrically placed in the 
periproct. The peristome bears five pairs 
of modified tube-feet called buccal podia . 
They have short bodies with circular 
disc at the tips and act as the chemo- 
receptors. Five pairs of small gills project 
from the peristomial membrane that 
encircles the mouth. 

The corona is composed of twenty meri- 
dional rows of polygonal plates. Five per- 
forated areas for two rows of tube-feet 
are recognised. They are separated by 
wider areas where such perforations for the 


tube-feet are absent. In living condition 
five double rows of tube-feet are distribut- 
ed in a definite pentaradiate plan from the 
peristome to the periproct. The areas 
where the tube-feet are present are called 
ambulacral areas or radii . These areas are 
equally spaced by wider intervening areas 
between the radii. These areas are called 
inter ambulacral areas or inter-radii. The 
tube-feet or podia are slender and highly 
extensible bodies which may project 
beyond the spines in fully stretched 
condition. 

The corona, as stated earlier, is com- 
posed of twenty meridional vows of plates. 
Each radius at the aboral end terminates 
in one ocular plate , a part of the apical 
skeleton. In the peristome five pairs of 


first arm 





Fig. 18.10. External features of Echinus. A. Aboral view (only one half is shown, after removal of 
spines and pedicellariae). B. Oral view (only one half is shown) of an intact animal. G. Different 
types of pedicellariae. 1. Trifoliate. 2. Ophiocephalous. 3. Tridactylc and 4. Gcmrniform. 
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small buccal plates are present. Two such 
plates are present in each radius. The 
periproct also contains a few small irre- 
gular plates. Surrounding the periproct 
there are ten apical plates . Of these plates, 
five are smaller and are called ocular 
plates while five are larger and are called 
genital plates . On these plates there arc 
tubercles bearing spines of various shape 
and size. Most of the spines are long and 
cylindrical. The spines are thickly placed 
all over the body excepting the peristome 
and periproct. The spines are solid 
structures and are pointed at the tip. 
They are movably articulated and have 
individual muscles to be operated upon. 

Pedicellariae. Besides the spines, there 
are long-stalked three-jawed pedicellariae. 
Several types of pedicellariae are en- 
countered in this group (Fig. 18. IOC). 

(1) Gemmiform type, when the stalk is 
very stiff and the head is round. Each jaw 
is provided with poison gland. 

(2) Tridactylr type, when the stalk is very 
flexible and the jaws are long. 

(3) Ophiocephalous type, when the stalk 
is flexible and the jaws arc toothed and 
broad. 

(4) Trifoliate type, when the stalk is very 
flexible and the jaws are blunt and toothed. 

Sphaerioia. The ambulacral areas con- 
tain many small, roundish and transparent 
solid bodies called sphaeridia. These 
bodies are regarded as the sense organs 
which are possibly responsible for main- 
tenance of balance. 

Lantern of Aristotle. The compli- 
cated masticatory apparatus of Echinus, 
is known as lantern of Aristotle (Fig. 18.1 1). 
It is associated with the mouth and is 
composed of five strong and sharp teeth 
whose lower parts are surrounded and 
supported by the five-sided structures 
characteristic of the lantern of Aristotle. 
This structure resembles superficially the 
ancient Greek lantern. Hence the name 
is lantern of Aristotle. The lantern com- 
prises of five jaws and five radial pieces 
called rotulae which are joined with 
the jaws aborally. Each jaw is provided 
with a tooth. The upward and inward 
movements of the teeth are caused by the 
action of the muscles connecting the jaws 
and the radial «n*ches. The lantern con- 
tains coelom as the enlargement of the 
perihaemaf ring. 


Body wall 

The body wall consists of an epidermis on 
the outer side, a middle layer of dermis and 
an inner lining of coelomic epithelium. The 
epidermis is single-layered and is formed 
of cuboidal or columnar cells. These cells 
are ciliated throughout excepting the 
terminal discs of the tube-feet and other 
exposed places where the cuticle is present. 
The dermis is composed of connective 
tissue with scattered stellate cells and con- 
tains endoskeleton. The cells of coelomic 
epithelium are flattened and flagellated 
types. Pigment cells (c hr omatop hares) are 
present in or beneath the epidermis. 
Regular musc ular layer is absent and the 
muscles are limited to the bases of the 
spines, pedicellariae and the masticatory 
apparatus. 

radius 



Fig. 18.11. Structure of lantern of Aristotle in 
Echinus. 


Coelom 

The interior of the body is occupied by a 
spacious coelom (Fig. 18.12). Besides this 
major cavity, there are some minor coelo- 
mic compartments, viz. peripharyngeal 
cavity, periproctal sinus, perianal sinus 
and aboral or genital £inus. These com- 
partments are either completely or partly 
cut off from the main coelom. 

The coelom is filled with coelomic fluid 
which is similar to sea water in composi- 
tion and contains usual coelomocytes. A 
few types of coelomocytes are recorded in 
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Fig. 18.12. Diagrammatic vertical section of Echinus showing internal organs. Note that a portion 
of the alimentary canal is removed. 


echinoids. Coelomocytes with pointed or 
broad pseudopodia arc phagocytic 
in function and the types containing 
different coloured spherules have no pha- 
gocytic power. The small and rounded 
variety with a vibratile flagellum is re- 
garded to be disquamated cells from the 
codomic epithelium. These cells lose flag- 
ella and become transformed into amoe- 
boid coelomocytes. The relative frequency 
of these different coelomocytes also varies 
greatly in different forms. 

Digestive system 

The mouth is situated at the centre of 
the oral surface of the body and is 
encircled by a lip-like membrane, the 
peristome. The mouth leads into a buccal 
cavity from which originates the oesopha- 
gus. The alimentary canal is looped. 

The oesophagus is slender and leads into 
the flattened stomach. A short caecum 
arises from the junction of oesophagus 
with the stomach. Extending from the 
beginning of the stomach up to the begin- 
ning of the intestine runs a slender tube 
called siphon. The inner wall of the siphon 
is ciliated and a constant flow of water 
current passes from the anterior to the 
posterior direction of the siphon. By the 
removal of excess water through the siphon 
the food matters become concentrated in 
the stomach for digestion. The intestine 


ascends as the narrow rectum which opens 
to the exterior through the anus on the 
aboral side. In the digestive system of 
Echinus and in many sea-urchins there 
are many commensal ciliates and para- 
sites. Besides them, many other commen- 
sals and parasites are recorded inside or 
outside the body. 

Histological picture of the alimentary 
canal shows the following layers: (1) The 
outermost layer is covered by flagellated 
coelomic epithelium. (2) The next inner 
layer is composed of a very thin muscular 
layer (mostly circular muscles). (3) 
Beneath the muscle layer lies a connective 
tissue layer. (4) The innermost layer lining 
the lumen of the alimentary canal com- 
prises of slender columnar ciliated epithe- 
lium. Gland cells are also present in this 
layer except in the intestine where the 
gland cells are reported to be wanting. 

Respiratory system 

The respiratory system consists of five 
pairs of small, branched ai|d thin-walled 
outgrowths of the body at Sthe margin of 
the peristome. These are called peristomial 
gills or branchiae. Each iittcrambulacral 
area contains one pair of gills, one on each 
side. The lumen of the gills is continuous 
with the peripharyngeal coelom. Besides 
these peristomial gills, five dental sacs are 
located on the top the lantern' Of Aristotle. 
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The tube-feet and the siphon help in 
respiratory process. 

Water vascular system 

The water vascular system is funda- 
mentally similar to that of Asterias. The 
main ring canal bears five small inter-radial 
Tiedemann’s bodies . The stone canal is 
membranous and is not calcified. Each 
radial canal gives a branch to the buccal 
podia and terminates as the lumen of the 
terminal tentacle. The axial sinus be- 
comes enlarged under the madreporite to 
form an ampulla into which the stone 
canal opens. 

Haemal system or Blood lacunar 

system 

The haemal system includes an oral 
haemal ring round the oesophagus and five 
radial haemal sinuses. The radial haemal 
sinuses end blindly at the aboral side. 

Locomotion 

Numerous elongated double rows of 
tube-feet, projecting from the ambulacral 
areas, are the principal locomotor organs. 
The mechanism of movement by the 
tube-feet is similar to that of Asterias. As 
because the arms are lacking in Echinus, 
the tube-feet become greatly extended 
towards the direction of movement. 
Besides the tube-feet, the animal can also 
move by using the spines. 

Excretory system 

There is no definite excretory organ in 
Echinus. The nitrogenous wastes are ex- 
tracted and eliminated through the entire 
surface of the body. 

Nervous system 

The nervous system of Echinus, consists 
of a nerve ring surrounding the mouth and 
five radial nerves which extend up to the 
terminal tentacles. The radial nerves are 
enclosed by epineural canals and innervate 
the tube-feet, spines, pedicellariae, so- 
called ‘eye’ and sphaeridia. The circum- 
oral nerve ring together with the radial 
nerves constitute the ectoneural nervous 
system. The hyponeural and coelomic ner- 
vous systems are extremely ill-developed. 

Sense organs 

The sense org^fSs arc not specialised. 
As stated earlier, the sphaeridia, distribut- 
ed in the ambulacral areas, are the organs 


of balance. There are five so-called ‘eyes’ 
(pigmented nervous cushions, one on each 
ocular plate near the terminal tentacle) 
which are regarded as photoreceptors. 

Reproductive system 

Echinus is a dioecious echinoderm and 
sexual dimorphism is absent. The gonads 
are five in number. They are large, bran- 
ched, racemose glandular masses in the 
perivisceral cavity. The testes or ovaries are 
more or less similar in appearance and be- 
come voluminous at matured state. The 
gonads develop as the outgrowths of the 
genital rachis which becomes atrophied in 
adults. Each gonad at its aboral end gives 
a short gonoduct which opens to the 
exterior through gonopore. There are five 
gonopores, one on each genital plate. 
After maturation, the gametes arc set free 
in the sea water and the fertilization is 
external, c 

Development 

The prelarval developmental stages are 
similar to that of Asterias. The larva in 
Echinus is called the Echinopluteus which 
is described in the general notes of this 
chapter. This larva in course of develop- 
ment metamorphoses into a miniature 
round Echinus. 

Example of the Phylum Ecjiinodermata 
— HOL 0 THIIRIA 

Holothuria is a typical representative of 
the class Ilolothuroidea. This class in- 
cludes a large number of sausage-shaped 
forms popularly called sea-cucumbers. 
The widely distributed genus of the class. 
Holothuria , is described here to get an 
idea of the anatomical construction of the 
group. 

Habit and Habitat 

Holothuria usually lives in sandy bot- 
tom of the sea and may remain partially 
buried in the sand. They are also found at 
all depths of the sea, ranging from the 
shallow to deep water. They are very 7 
sluggish by nature. They feed oil organic 
particles present in sand or other minute 
living organisms. 

External structures 

Holothuria has an elongated body with 
greatly elongated oral-aboral axis (Fig. 
18.13). The oral end is provided with 
mouth. The anus is situated at the opposite 



592 


BIOLOGY OF ANIMALS 


end. The mouth is surrounded by a thin 
eristomial membrane which is bordered 
y a row of branched tentacles . The ten- 
tacles are provided with circlet of short 



Fig. 18.13. External features of Holothuria. 
A. Aboral view. B. Oral view. 


terminal branches which again branch 
and become shield-shaped in appearance. 
The tentacles are retractile into the 
ampullae. The shield-shaped tentacular 
branches are characteristics of the genus. 

The radial symmetry of the body has 
become replaced by bilateral symmetry. 
The ‘dorsal’ and ‘veritral’ sides can be 
distinguished. The ‘ventral’ side is more 
or less flattened and possesses three radii 
opposite to the madreporic interradius 
with its two radii. In other forms the tube- 
feet are arranged along the radii from the 
oral to the anal end of the body, but in 
Holothuria, the radial orientation of the 
tube-feet is obliterated and they spread 
over the inter-radii of the body. But the 
internal structures retain their radial 
disposition. 

Body wall 

The histological picture of the body wall 
reveals the presence of a thin cuticle over a 
non-ciliated epidefmis. There are numerous 
small ossicles in the dermis . There are 
longitudinal muscle-bands under the radii 
and transverse muscle-bands between the 
radii. There is a thin layer of ciliated 
coelomic epithelium lining the internal 
side of the body wall. 


Coelom 

The perivisceral coelom between the 
alimentary canal and the body wall is 
quite well-developed. The coelom is filled 
with coelomic fluid containing various 
types of coelomocytes . One of the types of 
the coelomocytes, called haemocytes con- 
tain red pigment, the haemoglobin. The 
other types of coelomocytes include: (i) 
lymphocytes, (ii) phagocytes, (iii) coloured 
and colourless morula cells, (iv) fusiform 
cells, (v) crystal cells, (vi) vibratile cells, 
etc. 

Digestive system 

The mouth leads into a short oesophagus 
which in turn opens into a muscular 
stomach (Fig. 18.14). The oesophagus is 



anus 

Fig. 18.14. Digestive system 'and respiratory trees 
of Holothuria . Note that the calcareous ring around 
oesophagus is removed. 
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enclosed by a calcareous ring which is 
composed of five radial and five inter-radial 
ossicles. The stomach is joined with the 
thin-wallcd coiled intestine . The intestine is 
much longer than the body length and 
becomes coiled. The posterior part of the 
intestine is connected to a muscular 
cloaca by short rectum . The cloaca is 
supported by remnants of mesenteries 
which are called cloaca l suspensors. The 
rectum opens to the exterior through the 
arms. 


Respiratory system 

There are two long and elaborately 
branched respiratory trees which open into 
the cloaca 1 chamber. The terminal bran- 
ches end in thin-walled ampullae. 
Through the wall of the ampullae, water 
from the cloaca, can pass into the coelom 
and thus help in conveying oxygen to 
the coelomic fluid and to other organs. In 
Holothuria, the lower branches of the 
respiratory trees are converted into tubes 
called Cuvierian organs. These tubules can 
be everted through the arms and they pro- 
duce a sticky secretions so as to entangle 
the enemy or to retard the entry of enemies 
by liberation of toxin. 

Water vascular system 

The. water vascular system comprises of 
an oral ring vessel which in turn gives off 
five radial vessels. Each radial vessel supplies 
branches to the tentacles anteriorly and 
passes posteriorly along the ambul acral 
areas to give branches to the tube-feet 
(Fig. 18.15). Each tube-fool has an 
ampulla. The oral ring vessel is provided 
with a single large pollan vesicle and one or 
more stone canals which communicate 
with the anterior of the coelom by per- 
forated extremity of the madreporite 
canals. The madreporite is internally 
placed. The axial sinus is very small. 

Haemal system or Blood lacunar 

system 

The haemal system is quite well-formed 
in Holothuria. This system consists of a 
circum-oesophageal haemal sinus which gives 
five radial haemal vessels at the anterior 
side. Posteriorly, *Jie circum-oesophageal 
haemal sinus gives two haemal sinuses to the 
alimentary canal which send numerous 
smaller branches to the intestine. 

38 [vol. i, *76] 


Locomotion 

Like other cchinoderms, Holothuria 
move by the tube-feet or podia . The mecha- 
nism of movement is same as that in 
Echinus and Asterias. 



Excretory system 

There is no specialised organ in Holo- 
thuria to act as excretory organ. The 
nitrogenous waste products are extracted 
by the cloaeal wall and are eliminated to 
the exterior through the anus. The respi- 
ratory trees are also reported to play some 
role in excretion. 

Nervous system 

The nervous system is •represented by a 
circumoral nerve ring bgneath the pcristomial 
membrane. Five radial nerves emerge from 
the oral nerve ring along the ambulacral 
areas. 

No special sense organ is present in 
Holothuria, excepting the tentacles which 
act as tactile organs. 
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Reproductive system and Develop- 
ment 

The sexes are separate. There is a single 
gonad in each sex consisting of a tubular 
follicle situated in the ‘dorsal 5 interradius. 
The gonad has a gonoduct which opens to 
the dorsal surface of the oral end* The testis 
and ovary look alike. The cord-like genital 
stolon represents the axial organ of the 
genus. Fertilization is external and the 
prclarval developmental stages are similar 
to that of Asterias and Echinus. The 
larval form is known as Auricularia. The 
larval mouth persists in the adult. The 
detailed account of the larval form is des- 
cribed in the general notes on the phylum. 

Example of the Phylum Echinodermata 

-OPHIURA 

Opkiura is a typical example of the class 
Ophiuroidea. The members of this class 
are generally called brittle stars or 
serpent stars. All the ophiuroids have a 
basic structural construction and the des- 
cription of the genus, Ophiura , will give a 
general idea of the group. 

Habit and Habitat 

Ophiura usually lives in shallow to 
deep water of the ocean. They usually 
hide themselves at daytime beneath the 
sea-weeds or stones. They can also burrow 
in the sand or mud. They are very active 
at night. They can move quite rapidly by 
their arms. They are carnivorous animals 
and devour small crustaceans, worms 
and other small animals. 

External structures 

The body of Ophiura consists of a star- 
shaped disc and five highly flexible arms 
(Fig. 18.16). The arms are elongated, 
slender and fragile. The arms are sharply 
marked off from the disc. The arms are 
unbranched in Ophiura, but in Gorgono- 
cephalus the arms are extensively branched. 
Like that of Asterias, mouth is situated at 
the centre of the oral surface and the 
oral-aboral axis is very short. The mouth is 
pentagonal and at each interradius, there 
is a more or less triangular projection call- 
ed oral papilla or jaw. The madreporite 
is situated in an inter-radius on the oral 
surface. The ambulacral grooves and the 
anus are absent. The pedicellariae are 
wanting and the spines are located on the 
lateral plates of the arms. 


Body wall 

The integument is non-ciliated and 
is covered by cuticle . The epidermis is 
vestigial and the dermis is devoid of 
muscles. 



interradius 



Fig. IB. 16. External Futures of O/j/iiuta. A. Oral 
view. IF Aboral view. Only the central part of the 
body is drawn. 


Skeleton 

The skeleton is well-developed in 
Ophiura. Each arm consists of similar 
segments and the interior of each segment 
is almost filled with solid skeletal blocks 
called vertebral or ambulacral ossicles (Fig. 
18.17). The outer side of the arms con- 
tains four rows of plates two lateral, one 
aboral and one oral. Two radial plates 
or shields, one on each side of the arms, 
are present. The centre of the aboral side 
of the disc is occupied by $ large roundish 
central plate which is surrounded by many 
concentric plates . In the oral side, the mouth 
is surrounded by five large oral or buccal 
plates and five pairs of aboral plates along 
the intcr-radial plane^of the disc. One of 
the oral plates is perforated and acts as 
madreporite. The oral papillae contain 
a few small plates. 
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Fig. 18.17. Diagrammatic section of Ophiura , passing through an inLcr-radius on the left side and 
a radius with a part of the arm base. 


Coelom 

Like all other cchiuodcrms, the coelom 
in Ophiura is entcroeoelie in origin, The 
perivisceral coelom is quite spacious and is 
traversed by mcsenlti ies which run between 
the body w'?h .. :;d the* viscera. In the arms 
the coelom is restricted to a small and 
crescentic space on l lie a bora 1 side of the 
vertebral ossicles. The coclomic fluid con- 
tains coclomocytes . The coclomocytes are 
granular and contain fine pseudopodia 
which anastomose to form networks. The 
spheroid coclomocytes recorded in the 
axial gland suggest the fact that the 
corlomocylos arc formed in this gland. 

Digestive system 

The alimentary canal is present inside 
the disc. As described earlier, the mouth is 
placed at the cent re of the oral side and is 
surrounded by five groups of movable 
plates serving as jaws . Many spines are 
extended over the mouth which act as 
strainer. The mouth leads into a very 
short oesophagus which opens into the 
stomach . The stomach is sac-like, non-pro- 
trusible and is attached with the body wall 
by mesenteries. Lack of anus, caeca and 
intestine are quite striking in the digestive 
system of Ophiura. 

Respiratory system 

Along the sides of the arm bases, there 
are five pairs of sac-like invaginations 
on the oral surface called bursae. Each 
bursa is supporteryby genital shields and 
opens by a slit-likc aperture. The bursae 
occupy the# Spaces between the stomach 
pouches. The bursae inside the disc 


coelom fuse at places. The wall of the 
bursa is histologically same as the body 
wall, but the dermis is very thin. Through 
the bursae a constant flow of water current 
is maintained which possibly helps in the 
process of respiration. 

Water vascular system 

The water vascular system is almost 
similar to that of Asterias, but exhibits 
certain minor peculiarities. The madre- 
porite is usually one in this genus, but 
in Ophiactis virens , five madreporites are 
present. The axial complex is highly deve- 
loped. The axial sinus encloses the axial 
organ and the stone canal (Fig. 18.18). 
The wall of the stone canal lacks cal- 
careous matter and opens to the exterior 
through the pore canal. These structures 
arc shifted towards the oral side. The 
Ticdema nil’s bodies appear to be wanting, 
but in Ophiacten sericeum and Gorgon ocephalus, 
such structures or their equivalents are 
reported to be present. The radial canals 
run through the substance of the vertebral 
ossicles as the cavity of the terminal 
tentacles. The lateral branches to the 
tube-feet from the radial canals are very 
short. They lack suckers and ampullae. 
The tube-feet are sensory in function and 
have nothing to do with locomotion. 

Haemal system or Blood lacunar 

system 

The haemal system quite well-deve- 
loped in Ophiura. The oral and aboral 
haemal channels are disposed in the simi- 
lar fashion as seen in Asterias. The haemal 
channels are very shallow. 
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Fig. 18.18. Vertical section (diagrammatic) of Ophiura passing through the madreporitie 
inter-radius. 


Locomotion 

The tube-feet, as described earlier, have 
nothing to do with locomotion. The move- 
ment is affected by the highly flexible 
arms. During locomotion the disc of the 
body is lifted from the substratum with the 
help of the arms. By the action of the 
arms, Ophiura in this state, can move at 
considerable speed. The arms also help 
the animal to swim in water. 

Excretory system 

There is no special excretory organ in 
Ophiura. The excretory products pass out 
of the body through the bursal wall. The 
excretory products in the form of black 
or yellow spherules are seen to be accu- 
mulated in the bursal wall. 

Nervous system 

The nervous system like that of Asterias 
comprises of circumoral nerve ring and the 
radial nerves to the arms. The radial nerves 
bear ganglionic swellings, one at each 
vertebral ossicle of the arms and termi- 
nate at the base of the terminal tentacles. 

There is no « special sense organ in 
Ophiura. The tube-feet are sensory in 
function. 

Reproductive system 

The sexes are separate and sexual 
dimorphism is absent. The gonads arc sac- 
like which remain attached with the 


bursae and open into them. The bursae 
are ten in number and open to the exterior 
through slit-like apertures, situated one on 
each side of the base of the arms. The 
matured gametes arc discharged into the 
cavity of the bursae and from there the 
gametes arc expelled to the exterior 
through the bursal apertures. For this 
particular function, the "bursae are gen- 
erally called genital bursae. 

Fertilization and Development 

Fertilization is external. The prelarval 
developmental stages arc similar to that of 
Asterias. Tin* particular larval form en- 
countered in Ophiura is Ophiopluteus . The 
detailed structural organisation of ophio- 
pluteus is described separately in the 
general notes on this phylum. The ophio- 
pluteus, after some days, metamorphoses 
into the adult. 

Example of the Phylum Kchinodermata 

; ANTEDON 

Antedon is a very comrrion genus of the 
class Crinoidca. They .are commonly 
called feather-stars or isea-lilies. The 
genus, Antedon , is described below as be- 
cause it is a typical representative of the 
group. 

Habit and Habitat 

Antedon is an inhabitant b f the shallow 
water. It is a stalked form at the beginning 



PHYLUM ECHtNODERMATA 


597 


and with the attainment of adulthood it 
breaks off from its stalk and swims about 
actively by the arms. They can also cling 
to the substratum by the cirri. They arc 
gregarious forms and feed on microscopic 
living organisms. 

External structures 

The body of Antedon is composed of 
small central part, called calyx from 
which elongated slender arms radiate. (Fig. 
18.19). The arms are actually five in num- 
ber and each arm is bifurcated at the basal 


on a papilliform projection in one of the 
inter-radii on the oral surface. Radiating 
from the mouth there are five ambulacral 
grooves across the tegmen. In the mouth 
region the ambulacral grooves are sepa- 
rated by five oral valves . Each groove runs 
into one of the pairs of arms and gives 
branch to each pinnule. There are, in all, 
ten grooves — supplying ten arm-bran- 
ches. The grooves throughout the course 
bear finger-like non-prehensile tube-feet or 
podia. The ambulacral grooves are actual- 
ly the food grooves in Antedon. 



Fig. 18.19. External features of Antedon . A. An entire animal. B. Enlarged oral side of the 
central disc. 


end. So the number apparently comes to 
ten. Each arm bears double rows of alter- 
nate small branches called the pinnules 
(Fig. 18.20A). The aboral side of the calyx 
is convex and the oral side is flat. On the 
aboral side the calyx bears a knob-like 
structure which is the stung of the stalk. 
The knob is composed of centrodorsal 
ossicle which is provided with many-joint- 
ed cirri (Fig. 18.21). Each cirrus terminates 
in a small hook-like claw which help in 
temporary attachment. The oral surface is 
lined by a leathery tegmen and bears the 
mouth at the centre. The mouth is sur- 
rounded by lube-f&ft or podia which are 
sensory in function. The podia are beset 
with sensory papillae. The anus is situated 


The ambulacral grooves and the podia 
are ciliated. They help to convey food 
particles to the mouth which are gathered 
from the water current set by the cilia. 

Body wall 

The ectoderm i$ rudimentary except at 
f lie ambulacral grooves. The basement 
membrane is absent. The dermis is 
leathery at the oral side. The body is 
covered by a delicate cuticle. 

Skeleton 

The skeletal elements, specially on the 
aboral side, arc well-formed. The aboral 
skeleton comprises of the large penta- 
gonal centrodorsal ossicle, a thin plate called 
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Fig. 18.20. Detailed structural organisation, of an arm of Antedon. A. Single arm. 15. Enlarged 
view of the end of a pinnule showing podia. C. A podium with sensory papillae. D. Sectional 
view cf a sensory papilla to show its internal structure. 


the rosette (formed by the coalescence Tjf the 
larval pieces called basajs). It lies internally 
and remains concealed by the centrodorsal 
ossicle. The other components are three 
radial ossicles (first radial ossicle, second 
radial ossicle and the third radial ossicle) 
in each radius, a row of brachial ossicles in 
each arm, a row of ossicles in each pinnule, 
and a row of cirral ossicles in each cirrus. 
The skeletons particularly in the appenda- 
ges are movably placed one upon the other. 

Coelom 

The perivisceral coelom in the calyx 
contains numerous trabeculae. Surrounding 
the oesophagus there is a vertical coelomic 
space, called cycial sinus. The axial sinus 
and other coelomic spaces are continued 
into the arms. At the aboral side of the 
axial sinus, the coelom is represented at the 
centre by a characteristic chambered organ 
(Fig. 18.22 A). The chambered organ is 
composed of five symmetrically placed 
coelomic cavities around a central axis. 


Each arm contains four coelomic canals 
(a pair of sublcntacular canals, a small 
genital canal and a minute coeliac canal). 
All these canals emerge from the peri- 
visceral cavity. The perivisceral cavity 
communicates with the exterior through 
numerous ciliated water-pores on the oral 
surface. Two types of coelomocytes are re- 
corded in Antcdon. They are: (a) an 
amoeboid type with short pseudopodia 
and phagocytic in function and ( b ) an 
elongated form containing rods and gra- 
nules. However, Guenot (1891) found both 
coloured as well as colourless morula 
cells in Antedon rosacea . '■ 

Dige&tive system 

The mouth is situated at the centre of 
the oral side (endocyclic condition). The 
mouth opens into a short vertical funnel- 
like oesophagus . Th^ oesophagus leads 
into a wide stomachs The stomach is 
curved along the axis. The intestine 
bears a number of small blunt pouches and 
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two long branched diverticula called 
hepatic caeca. I ho stomach opens dis- 
lalJv into a short intestine which proceeds 
as rectum. I i\e rectum passes upwards to 
the excentrically placed anus, The ali- 
mentary canal, excepting the germinal 
portion of the rectum, is ciliated. " 

Respiratory system 

I here is no specialised organ for respira- 
tion in Antcdon. The tube-feet lack ter- 
minal suckers and help in respiration. 
Besides the tube-feet, the rectum is capable 
of rhythmical contraction. Due to the abi- 
lity of contraction and expansion, water is 
drawn in and driven out. from the rectum 
through the anus. This method of taking in 
and ejecting out of water is possibl y asso- 
ciated with the process of respiration. 

Water vascular system 

T he water vascular system is not so 
pronounced in Antedon. the water vascu- 
lar system lacks direct communication with 
the exterior. The water vascular ring 
encircles the mouth and gives off many 
short stone canals which open to the peri- 
visceral cavity. The perivisceral cavity 
communicates wj'-li the exterior through 
numerous ciliated water-pores. The 
ampullae gt’e absent hut the wall of the 


water canals is slightly contractile due 
to contractility of the muscular strand 
1 here is a senes of radial vessels running 
beneath the ambulacral grooves which 
give branches to the pinnules. A series of 
podia or tube-feet without terminal suckers 
aie present. 1 hey are tactile organs and 
help in respiration. 

Haemal system or Blood lacunar 

system 

This system is made up of intcrcomrnu- 
nicatmg spaces in connective tissue trabe- 
culac. It consists of a plexus of large 
lacunae, perioesophageal plexus round the 
oesophagus, lhis is connected with a 
mblegmental plexus under the tegmen. A 
special organ (related to the axial gland) 
called spongy organ receives branches 
from the perioesophageal plexus on the 
a bora 1 side. The spongy organ (designated 
as labial plexus in earlier accounts) is 
made up of mostly rounded cells and 
possibly manufactures the coclomocytcs. 

I he haemal system contains a colourless 
proteinaceous fluid with*few cells. 

Locomotion 

T he tube-feet in Antedon have nothin^ 
to do with locomotion. It can move very 
slowly by its cirri. It can also swim bv 
the undulation of the arms. 
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Excretory system 

Antedon lacks definite excretory organ. 
The actual nature of excretory products 
and the process of elimination are not 
clearly known. It is reported that the 
excretory products are accumulated in the 
coelomic lining. The coelomocytes help in 
the transportation of the excretory pro- 
ducts of the body. 

Nervous system 

The nervous system is divisible into three 
types: (a) Aboral or entoneural system, 
(6) Deeper oral or hyponeitral system and ( c ) 
Oral or ectoneural system. Of all these sys- 
tems, the entoneural system is well-deve- 
loped (Fig. 18.22B). This system comprises 




Fig. 18.22. A. Ghaifibercd organ of Antedon (sec- 
tional view). B. Aboral nerve centre of Antedon . 


of a cup-shaped nervous mass situated at 
the apex of the cavity of the calyx. This 
nervous mass gives off five stout inter-radial 
brachial nerves to the five primary arms 


which are united by a nerve pentagon situat- 
ed in the radial plates of the calyx. Each 
brachial nerve divides into two parts 
which are again connected by direct and 
decussating commissures. The brachial 
nerves bear ganglionated swellings with 
bipolar and multipolar nerve cells. The 
brachial nerves give branches to the flexor 
muscles and adjoining epidermis, aboral 
part of the arms and pinnules. The deeper 
oral or hyponeural system comprises of a 
nerve pentagon lodged in the connective 
tissue of the tegmen. The nerves emerging 
from the nerve pentagon innervate the 
tegmen, anal tube and other internal or- 
gans. Of these nerves, ten main branches 
go to the ten arms and innervate the mus- 
culature of the water vessels and pinnules. 
These nerves are connected with the aboral 
nervous system. The ectoneural or super- 
ficial or oral nervous system consists of a 
superficial nerve ring surrounding the 
mouth which gives radial nerve cords. The 
radial nerve cords run in the ambulacral 
grooves of the arms and pinnules. These 
nerve cords consist of nerve cells and 
longitudinal nerve fibres and supply the 
ambulacral epidermis, inner surface of the 
tube-feet and the adjoining areas. 

Sense organs 

There exists no special sense organ in 
Antedon. The papillae present on the tube- 
feet are both sensory and secretory in 
function. Each papilla comprises a 
slender epidermal projection with sensory 
bristles and basal glandular cells (Fig. 
18.20D). The papillae £*re possibly the 
tactile organs. 

Reproductive system 

The sexes are separate and sexual 
dimorphism is absent. The axial organ is 
continuous with a circular genital rachis 
which in turn gives genital cords. The genital 
cords pass into the genital canal and reach 
the pinnules where they become differen- 
tiated into the gonads . Thq genital tube, 
very common in other crinoijds, is absent in 
this form. The genital systent is enclosed by 
a plexus of haemal system. When the 
gametes become mature, they escape to 
the exterior by the rupture' of the pinnule 
wall. After the rupture of the pinnule 
wall, the eggs remafe^ attached with 
the pinnule by secretion of cement 
glands. ‘ * 
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Fertilization and Development 

The fertilization is external. The zygote 
after the routine developmental processes 
is transformed into a free-swimming barrel- 
shaped ciliated larva, Antedon larva. This 
larva is also called Doliolaria larva of 
Haeckel. After a brief free-swimming 
phase, the larva fixes itself by a stalk to the 
substratum. The fixed stage is called the 
c< Pentacrinoid" larva which is transformed 
into an adult Antedon in due time. The 
details of the larval forms have been dealt 
separately in the last part of this chapter. 

SOME INTERESTING ECHINODERMS 

A brief note on some of the interesting 
members of echinoderms is described below 
to give an idea about the structural diver- 
sities of the phylum. 

Astropccten 

Astropecten is a widely distributed star- 
fish. They inhabit sandy bottom of sea 
where they can burrow. Astropecten poly - 
can thus remains buried in sand most of the 
time and comes out twice a day in search 
of food— once in the morning and once in 
the evening. The genus Astropecten is 
consisted of about 100 species. The body 
consists of a flattened five-pointed disc 
with short arms. There are rows of spines 
bordering the arms (Fig. 18.23). The infra- 
marginal plates are elongated and meet 


are bifurcated. The speed of locomotion 
is recorded in some forms of this genus. 
Astropecten auranciacus moves 30-60 cm per 
minute and Astropecten spinulosus moves 60 
cm per minute. The mouth is very wide, 
distensible and can swallow the prey (biva- 
lves, snails, crustaceans, annelids) very 
easily. The stone canal is extremely compli- 
cated due to extensive development of the 
internal ridge. The ridge divides the stone 
canal into two tubes, each of which, con- 
tains a pair of scrolls. Two to four polian 
vesicles are given in each inter- radius. 
These vesicles emerge from a common stalk 
(Fig. 18.29). The optic cushion lacks pig- 
ment cup and the retinal cells are distri- 
buted throughout the optic cushion. The 
brachiolaria larva stage is absent. 

Heliaster 

Heliaster (Fig. 18.24A) is the single genus 
of the family, Heliasteridae. The genus 
contains a few species and lives in shallow 
water of the Panamic region. The body 
consists of a very broad disc with nume- 
rous short tapering arms. The number of 
the arms vary from 20 to 44. Clark (1907) 
has shown that Heliaster starts its life with 
five arms and additional arms are added 
in all the inter-radii excepting the inter- 
radius containing the madreporite. Only 
one madreporite is present. The skeleton 
is of reticulate type. The pcdiccllariae are 



Fig. 18.23. External features of Astropecten. A. Aboral view. B. Oral view. 


the adambulacrals to form the oral sur- 
face of the arms. The pedicellariac are 
either sessile oj^' pectinate types. The 
conical tube-feet are devoid of suckers 
and possess circular muscles. The ampullae 


straight and crossed typgs. The disc coelom 
and the brachial coelom are almost sepa- 
rated by a circular vertical wall with 
which the interbrachial septa are joined 
by their inner ends. 
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Zoroaster arms. The pedicellariae are of straight 

Zoroaster (Fig. 18.24D) is the typical type. The aboral side of the body contains 
genus of the family Zoroasteridae. It small spines with small papular zones, 
inhabits the deep sea. The body consists Usually four rows of tube-feet are present 
of a small disc with five elongated slender in each ambulacral groove. 
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Ctenodiscus 

Ctenodiscus (Fig. 10.24B) is a typical 
genus under the family Goniopectinidae. 
The members of the genus are generally 
muddwellers. The body is stellate-shaped 
andthe marginal plates are very prominent. 
The cribiform organs (a cavity containing 
lamellae and bounded by marginal plates) 
are very simple in organisation. The ali- 
mentary canal lacks intestine, intestinal 
caeca and anus. An epiproetal cone is 
present. 

Porcellanaster 

Porcellanasler (Fig. 18.250) is the typical 
example of the family Porccllanasteridac. 
The representatives of the genus are mud- 
dvvellcrs and live at considerable depths. 
The body consists of star-shaped disc and 
five narrow pointed arms. The arms are 
bordered by thin marginal plates. The 
aboral side is membranous with a central 
elevation called epiproetal cone. The 
alimentary canal lacks intestine, intestinal 
caeca and anus. The tube-feet are pointed 
and lack suckers. The ampullae are simple. 
In each interradius single cribriform organ 
is present. 

Luidia 

Luidia is the only genus under the family 
Luididac and has about 42 species. This 
genus is distributed in the tropical and sub- 
tropical regions. The body consists of a 
very small disc with elongated flexible 
arms. Most of the species possess five arms 
and others may have six to eleven arms. 
The arms are bordered by spines. The 
papulae are branched. The anus and the 
intestinal caeca are absent. The pedi- 
cellariae are usually present. 

Solaster 

Solaster (Fig. 18.24E) is a typical multi- 
rayed sun-star belonging to the family 
Solasteridae. The body consists of a very 
broad central disc and 7-14 short tapering 
arms. The aboral skeleton is reticulate 
type and contains groups of small spines. 

Clypeaster 

Clypeaster (Fig. 18.24G) is the only sur- 
viving genus of the family Glypeasteridae. 
They are distributed in the tropical and 
subtropical regions of the earth and inhabit 
the sandy* bottom. They are commonly 


called sand-dollars. The test is more 
or less round in outline and is covered with 
thick short spines. The madreporite is 
placed at the centre of the aboral side 
from which radiate five petaloid ambulac- 
ral areas. There are five simple grooves 
along the centre of the ambulacra! areas. 
At the beginning of each ambulacral area 
near the peristome there exist two sphaeri- 
dia. The sphaeridia are devoid of nerve 
ring and are not movable. The genital 
plates are fused with the central penta- 
gonal plate and the gonopores are present 
at the angles of the pentagon. 

Diadema (Centrechinus) 

Diadema (Fig. 18.24F) is a typical genus 
under the family Diadcmatidae. It lives in 
littoral and sublittoral zones of the tropical 
and subtropical regions. The common 
Indo-Pacific species of the genus are Diade- 
ma setosum and Diadema savignyi. Diadema is 
very large in size with long primary spines. 
These spines may reach a length of 30 
cm. The spines are very sharply pointed. 
The test is inflexible and the aboral inter- 
arnhulacral areas lack spines. The peri- 
prod is devoid of skeletal elements and 
possesses a prominent anal cone. The 
globiferous pecliccllariae are absent. 

Arbacia 

Arbacia (Fig. 18.24G) belongs to the 
family Arbaciidae. They usually live in 
the littoral zones. The peculiarities of the 
genus are the presence of the primary 
spines and ihe possession of one sphacri- 
dium in each ambulacrum at the oral 
end. The sphaeridia are placed in pit- 
like cavities distributed along the centre 
of the ambulacra. The periproct contains 
usually four or five plates which act as 
valves for the centrally placed anus. The 
primary spines are of moderate size and 
the secondary spines are absent. 

Lagan um 

Lagamtm (Fig. 18. 25 A) belongs to the 
family Laganidae. They inhabit the sandy 
bottoms in shallow 7 water of Indo-West 
Pacific region. The test is small, flattened 
and circular in outline. The ambulacra at 
the aboral side become petaloid. The 
apical skeletal elements are fused into a 
central pentagonal plate containing five 
gonopores. The madreporic pores usually 
sink into pits. The oral surface bears five 



604 


BIOLOGY OF ANIMALS 


ambulacral grooves not reaching the edge 
of the test. The periproct is situated on the 
oral surface. 

Echinocardiiim 

Echinocardium (Fig. 18.25E) is the typical 
Heart Urchin under the family Love- 
niidac. The members under the genus 
enjoy cosmopolitan distribution. They bury 
in sand. The test is large in size with four 
well-developed petaloids. On the aboral 
side, the large spine tubercules with deeply 
sunken areolcs, so common in other genera, 
are wanting. The apical central plate con- 
tains four gonopores. The peristome be- 
comes transversely extended. The lantern 
of Aristotle is absent. The ambulacra bear 
numerous short tube-feet and short spines. 
The interambulacra bear long spines. 

Thyone 

Thyone (Fig. 18.25D) is a typical genus 
under the family Cucumaridae. It is found 
to remain buried in sandy and muddy bot- 
toms. The body is more or less oval with 
ten branched tubules. The mid-ventral 
pair of the tentacles is smaller than the 
others. The tube-feet are present all over 
the body without having any specific 
orientation in the ambulacral areas. The 
respiratory trees are present, but the 
Cuverian tubules are absent. The haemal 
system is very simple. The haemocytes in 
the coelomic fluid contain haemoglobin. 
The stomach is an elongated muscular sac 
of limited length and not very extensive 
as in other holothurians. 

Cucumaria 

Cucumaria belongs to the family Cucu- 
maridae (see Fig. 8.12E). At the oral end 
there are ten tentacles. The tube-feet are 
distributed as five distinct ambulacral 
bands. In the inicrambulacral areas tube- 
feet are a few in number and are hap- 
hazardly distributed. In Cucumaria frondosa , 
numerous (about 50) male gonopores arc 
present. The haemocytes in the coelomic. 
fluid also contain haemoglobin. The com- 
plicated lacunar networks connecting the 
intestine is absent. They are hermaphro- 
ditic. 

Pelagothuria 

Pelagothuria (Fig. 18.25B) is a typical 
elasipod genus. It is a floating form, rang- 
ing from the surface to considerable 


depths. It has an oval body without ossi- 
cles. The mouth is wide and terminal. It is 
surrounded by a circlet of tentacles with 
bifurcated tips. The number of tentacles 
varies from 13-20 in different species. A 
floating sail supported by many long 
papillae is present just behind the circlet 
of tentacles. This sail may be restricted to 
the dorsal side or may encircle the body. 
The tube-feet are ill-developed. The stone 
canal opens to the exterior near the genital 
papillae. 

Opheodesoma 

Opheodesoma (see Fig. 8.12B) belongs to 
the family Synaptidae. It lives completely 
in buried condition in muddy and sandy 
bottoms of the sea. It has an elongated 
vermiform body which may reach the 
length of about two to three feet. About 
fifteen well-developed pinnate tentacles 
are present. The tube-feet are absent. The 
respiratory trees arc absent and the thin 
body wall serves as the respiratory surface. 
The body w all contains anchor plates. The 
sigmoid ossicles are lacking. 

Ophioderma 

Ophioderma is a well-known representa- 
tive of the family Opliiodematidae. The 
body consists of a small pentagonal disc 
covered by closely set granules. The oral 
papillae are numerous and arc arranged 
in a continuous series. The teeth arc pre- 
sent in a single row and the dental papillae 
are absent. The spines of the arms are 
small. The most important individual 
characteristic feature of the genus is the 
presence of two slits in each bursa, one 
situated orally and the other peripherally. 

Gorgonocephalus (Basket-star) 

Gar gonocephalus is the best known genus 
of the family Gorgonocephalidae. The 
body consists of a large disc and many 
elongated extensively branched flexible 
tentacles (Fig. 18.25F). Gorgonocephalus 
starts life with five arms ^hich become 
repeatedly branched in advanced stage. 
The oral surface of the armi$ is spiny and 
the aboral surface is annulatfed due to lack 
of true aboral arm shield! The lateral 
and oral arm shields are present. The 
margin of the disc between the radial 
shields is provided with ^eries of plates. 
The oral papillae and tooth papillae are 
present. The gonads are restricted to the 




Fig. 18.25 f Corner important Echinxlerms (contd.). A. Lagan am. B. Pelagothuria. C. Force! lanaster. 
D. Thy one. 1J. Echtnocardium. F. Gorgonocephalus . 
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is distributed in the Japan-Malay-Austra- 
lian region. The stalk is long, pentagonal 
and with many joints or nodes. Encircling 
the nodes, there are whorls of fiv e many- 
jointecl cirri for temporary attachment. 
The arms are much branched, pinnulated 
and arranged like a crown of flower. The 
most important characteristic of the genus 
is the existence of four brachial ossicles 
between the radials and the first branch- 
ing. All the forks of the arms are separated 
by a number of brachials. 


CLASSIFICATION 

CLASSIFICATION IN OUTLINE 

The phylum Echinodermata includes 
a large variety of extinct as well as living 
forms. They are non-colonial marine 
coelomates. This phylum is divided into 
two Subphyla — Eleutherozoa and Pei- 
matozoa. The scheme of classification 
presented here is largely based on the 
classificatory plan outlined by L. II. 
Hyman. Recently H. B. Fell (as per the 
book entitled, Text Book of Zoology 

Parker & Haswcll Vol. I, 7th edition) 

has altogether presented a quite d liferent 
scheme. An outline classificatory scheme 
of Phylum Echinodermata into different 
subgroups is given separately. 

Subphylum Eleuti if.rozoa 

Class Asteroidea 

Order Plalyasterida , e.g. Platanasler . 

Order Hemizonida , 

e.g. Anthraster , Taeniactis. 

■> Order Phanerozonia 

Suborder Pustulosa, 

e.g. Hudsonaster. 

Suborder Cribellosa, 

e.g. Porce lianas ter. 

Suborder Paxillosa, 

e.g. Clenodiscus. 

Suborder Notomyota, 

e.g. Near chaster. 

Suborder Valvata, e.g. Archaster . 

Order Spinulosa , e.g. Asteria, Echinaster. 

Order Forcipulata, e.g. Asterias, Odinia . 

Class Echinoidea 

Subclass Bothriocidaroida, 
e.g. Bothrioidaris . 


Subclass Regularia or Endocyguca 

Order Lepidocentroida , 

e.g. Phormosoma, Palaeodiscus. 

Order Melonechinoida , e.g. Meloncchinus. 

Order Cidaroidca, e.g. Eucidaris. 

Order Aulodonta , 

e.g. Plesiodiadema, Aspidodiadema. 

Order Stirodonta , 

e.g. Salenocidaris , Arbacia. 

Order Camarodonta, 

e.g. Echinus , Mespilia . 

Subclass Irkegularia or Exocyclica 

Order Holectypoida, 

e.g. Py gas ter, Plesiechinus. 

Order Cassiduloida , 

e.g. Apatopygus , C as. si da! us. 

Order Clypeastroida , 

e.g. Cly pc aster, Echinocyamts. 

Order Spatangoida , 

e.g. Ur echinus, Aeropsis. 

Class Holothuroidea 

O rder Aspidoch irota , 

e.g. Holothuria, Actirmpyga. 

Order Dendrochirota , 

e.g. Cucumaria, ' Pity one. 

Order Elasipoda , e.g. Demo , Elpidia. 

Order Molpadonia , 

e.g. Caudina , Molpadia . 

Order Apoda or Sy nap Lida, 

e.g. Synapta, Rbabdonwlgus. 

Class Ophiuroidea 

Order Ophiurae , e.g. Ophiura , Opluomyxa . 

Order Euryalae, e.g. Euryale , As ter onyx. 

Class Ophiocistioidea, e.g. Sollasina. 

Sub phylum Pelmatozo a 

Class Heterostelea, 

e.g, Placocystis , iroc hoys tiles. 

Class Cystidea 

Order Rhombifera, 

e.g. Caryocrinites , Echinosphaerites . 

Order Diploporita , 

e.g. Proteroblastus , A lesocystis. 

Class Blastoidea, 

e.g. Pentremites , Cadaster. 

Class Crinoidea 

Order Articulata , 

e.g. Antedon, Me liter inus. 

Order Inadunata, 

e.g. Anartiocrinus, Hybocystites . 

Order Flexibilia, e.g. Forbesiocrinus. 

Order Camerata , 

e.g. Reteocrinus, i Xenocrinus. 

Class Edriaasteroidea, 

e.g. Stromatocystites , Cys taster. 
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GLASSIFICATION WITH CHARAC- 
TERS 

Subphylum Eleutherozoa 

The stalkless adult moves freely. The 
ambulacral grooves radiate from the 
mouth and possess double series of tube- 
feet or podia. The tube-feet are usually 
provided with terminal suckers and are 
locornotory in function. The mouth is 
situated on the oral surface of the body 
which is normally directed downwards. 
The anus, when present, is placed aborally. 

Class Asteroidea 

The body is star-shaped or pentagonal 
with a flattened central disc. The arms are 
hollow and each arm bears continua- 
tion of the coelom. The number of the 
arms arc usually five which may increase in 
some forms. The ambulacral grooves arc 
open and contain rot vs of tube-feet. The 
ambulacra arc restricted to the oral sur- 
face! of the b. Jy. The oral and aboral 
surfaces arc quite distinct. The skeleton 
is flexible. The rnaclrcporitc is situated on 
the aboral surface. The pedicellariae are 
present. The gonads are radially placed. 
The larval forms are bipinnaria and/or 
bra chiol aria. 

O rdcr Ptaiyaslerida 

The order includes fossil starfishes. 
The typical example is Platanastcr . The 
fossils were abundant from Ordovician to 
Devonian periods. The aboral surface 
bears large upright spines beset with two 
or three circlets of small spinelcts. The 
margin of the arm is formed by the 
inframarginal plates. 

Order Hemizonida 

This order also includes fossil asteroids 
ranging from Ordovician to middle Car- 
boniferous periods. Distinct ambulacral 
grooves are present. The madreporite is 
present cither orally or aborally. Examples 
— Taeniae tis, Anthr aster, Helianthaster , Lepi - 
dactis , Cnemidaclis. 

Order Phanerozonia 

The body is a large disc with usual 
five arms. Around the margin of the disc 
and the arms, la»ge marginal plates (infra- 
and supramarginal plates) arc present. 
The dermaP papulae are restricted to the 


aboral surface. The tube-feet are arranged 
in double rows along the ambulacral 
grooves. The tube-feet may lack suckers. 
The pedicellariae, when present, are ses- 
sile. This order is subdivided into the 
following suborders: 

Suborder Pustulosa 

The members are all extinct. The fossils 
were distributed from lower Ordovician to 
Permian periods. The spines arc smaller 
and slender. They are placed on hemi- 
spherical tubercles. The peristome is bor- 
dered by ambulacral and adambulacral 
ossicles. Example — Iludsonater . 

Suborder Cri bel losa 

The members are mud-dwellers. The 
body is stellate-shaped and the arms are 
slender and pointed. The tube-feet 
lack terminal suckers. The digestive 
system larks intestine and anus. The 
ampullae are simple. Examples- Porcella - 
naster , Eremicaster , Styracaster , Hyphalaster . 
T home aster . 

Suborder Paxil losa 

Typical paxillae constitute the aboral 
keleton of the body. The tube-feet lack 
suckers. The ampullae are bifurcated. 
Examples — -Cteimdiscus , Goniopcc-ten , Astro - 
peclen (Fig. 18.23), Dip sac as ter, Lnidia . 

Suborder i\ otomyo ta 

The tube-feet arc provided with suckers. 
A pair of strongly built dorso-lateral 
muscle bands is present in each arm. The 
aboral plates arc greatly reduced. The 
spines are smaller. Examples — Nearchaster , 
Pontaster , Pecti naster , Bentbopecten, 

Suborder Valvata 

The tube-feet bear terminal suckers. 
The aboral plates are usually flattened and 
have mosaic arrangement. Examples- 
A r chaster, Odontaster , Acodon taster, Notio - 
reramus, Chitonastet . 

Order Spinulosa 

The marginal plates of the arms are 
either wanting or* inconspicuous. The 
spines are present on the aboral surface, 
either singly or in groups. The pedi- 
cellariae are rarely present. The tube-feet 
are provided with suckers and occur in two 
rows in each ambulacral groove. The 
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ampullae may be simple or bifurcated. 
Examples — Asterina, EchinasVer, Henricia , 
Ganeria> Cycethra , Patina , Solaster (Fig. 
18.24E). 

Order Forcipularia 

The marginal plates arc not prominent. 
The spines occur singly. The papulae are 
present on both the oral and aboral sur- 
faces of the body. The pedicellariae are 
stalked. The tube-feet are arranged 
in two or four rows and are provided with 
suckers. Examples — Aster ins, Odinia, Ordi- 
nella, Asterostepfiane , Heliaster (Fig. 18.24A), 
Zoroaster (Fig. 18.24D). 

Class Echinoidea 

The body may be globular, heart- 
shaped, oval or disc-like. The body is en- 
closed by a skeleton in the form of a conti- 
nuous test of closely set calcareous plates. 
The spines are movable. The ambulacral 
grooves are absent as such, but the surface 
is divided into alternate ambulacral and 
interambulacral areas. The ambulacral 
areas extend from the oral to the aboral 
pole of the body. The ambulacral plates 
have pores for the passage of the tube-feet. 
The tube-feet are highly extensible, pro- 
vided with suckers and are locomotory in 
function. The mouth and anus arc sur- 
rounded by membranous peristome and 
periproct respectively. The gonads are 
pentamerous. The larva is EchinoplAleus. 

Subclass Bothriocidaroi da 

This subclass contains fossil echinoids 
represented by a single genus, Bolhrioci - 
daris. The test is rigid and round in shape. 
Each ambulacrum has two rows of plates 
and the interambulacrum has single row' 
of plates. The typical lantern of Aristotle 
is absent. The madreporite is radially dis- 
posed. 

Subclass Regularia or Endocyclica 

The test is globular and exhibits distinct 

f >entamerous symmetry. Each interambu- 
acrum has two rows of plates. The 
lantern of Aristotle is well developed. This 
subclass includes six orders. 

Order Lepidocentroida 

The order includes both fossil and living 
echinoids with flexible test. The fossil forms 
had 2-40 rows of plates in the interam- 


bulacra. The periproct is supported by 
apical plates. Examples — Aulechitius 9 Myri - 
as tidies, PalaeodiscuSy Tromikosoma y Astheno - 
soma. 

Order Melonechinoida 

The members are all extinct. The test 
is rigid. There are 4- 11 rows of interain- 
bulacral plates. The gills are absent. The 
ambulacra continue up to the mouth. 
Example M donee hinus. 

Order Cidaroida 

The order includes both extinct and 
existing echinoids. The test is round. There 
are two rows of plates in the interambu- 
lacra. Each interambulacral plate bears 
one large spine which is surrounded by 
small spines at the basal end. The gills and 
the sphacridia are absent. Examples — 
Ci daris, Phyllacanthus , Stylocidaris, Prionci - 
da ris , 6' o n iocidaris . 

Order Aulodonta 

This order contains both fossil and living 
echinoids. The test is globular. The plates 
in the ambulacra are compound. The gills 
and sphacridia are present . The epiphyses 
of the lantern are small and do not meet 
the pyramids above. 'Fhe teeth are devoid 
of keel. Examples Plesiodiadema , Caenope- 
dina , Micropyga , Diadem a (Fig. 18.24F), 
A stropyga , Centro stephan us . 

Order Stirodonta 

This order is almost similar to Aulo- 
donta, but the teeth are with keel. The test 
is rigid. The spines are solid. Examples — 
SalenacidariSy Salenia , Arbacia (Fig. 18.24G), 
Coelopleurus. 

Order Camarodonta 

'Fhe test is oval. The epiphyses of the 
lantern are greatly enlarged and meet the 
pyramids to form bar. The teeth arc pro- 
vided with keel. 'Fhe spijies are solid, but 
lack cortex. Examples ^Sa Imacis , Micro - 
cyphus, NudechinuSy Echinus, ToxopneusteSy 
Parasalenia , Echinometra . •; 

Subclass Irregularia or Bxocycliga 

The test is mostly flattened and the shape 
is either oval or round. The ambulacra 
have become converted into petaloid con- 
dition at the aboral side. The tube-feet are 
mostly non-locomotory. 
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Order Holectypoida 

This order includes extinct forms. 
The test is regular. The ambulacra are 
simple and do not show petaloid develop- 
ment. The lantern of Aristotle is present. 
Examples: Py gas ter, Plesiechinus , Ilolectypus, 
Echinoneus, Micropetalon . 

Order Cassiduloida 

This order includes mostly the fossil 
forms. The test is round or oval in outline. 
In the living forms the lantern of Aristotle 
is absent in adult. The ambulacra become 
petaloid at the aboral end. The genital 
plates are usually fused with the madre- 
porite. Examples: Apatopygus , Cassidulus , 
Tropholampas , Anochanus. 

Order Clypeastroida 

The members of this order are called 
sand dollars. They have irregular body 
with flattened test. The lantern is present. 
The gills are lacking. The mouth is cen- 
trally placed l ut the anus is excentric. 
The ambulacra at the aboral side are 
petaloid. Examples: Clypeaster (Fig. 
18.24G), Arachnoides , Echinocyamus , Fibu- 
taria , Laganum (Fig. 18. 25 A). 

Order Spatangoida 

'Flic members of this order arc called 
heart urchins. The body is irregular 
with an oval test. The lantern and the gills 
are absent. The mouth and anus are ex- 
centrically placed. Four of the five ambu- 
lacral areas have become petaloid at their 
aboral ends. Examples: Plexechinus , Ure- 
chinus , Pilemaiechinus , Pourtalesia, Palaeos- 
toma , Aer apsis, Echinocardium (Fig. 18.25E). 

Class Holothuroidea 

The body is cylindrical and exhibits 
bilateral symmetry. The oral-aboral axis 
is elongated. The mouth and anus arc 
located at the opposite extremities of the 
body. The skin is soft, thin and without 
spines and pedicellariae. The cndoskelcton 
is reduced to microscopic calcareous spi- 
cules and ossicles in the body wall. A 
circlet of long oral tentacles is present at 
the oral end. The surface of the body may 
exhibit five ambulacral areas. The stone 
canal lacks the external opening. The 
tube-feet are loc*motory in function and 
are usually restricted to the five ambulacral 
areas. The ldrva is auricularia. 
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Order Aspidochirota 

The tube-feet are numerous. The oral 
tentacles are shield-shaped and the num- 
ber is 20 in most cases. The pharyngeal 
retractor muscles are absent. The tenta- 
cular ampullae are present. The respira- 
tory trees are well-formed. Examples: 
Holothuria, Actinopyga, Stichopus , Pseudosti - 
chopus , Bathy plates , Synallactes . 

Order Elasipoda 

The tube-feet are numerous. The oral 
tentacles are shield-shaped and their num- 
ber varies from 10-20. The tentacular 
ampullae are absent. The pharyngeal re- 
tractor muscles are absent. The respira- 
tory trees are lacking. Examples: Deima, 
Oneirophanta , Lae Imo gone, Benthodytes , Penia - 
gone , Scotoanassa , Pelagothuria (Fig. 18.25B). 

Order Dendrochirota 

The tentacles are arborescent. The ten- 
tacular ampullae are absent. The tube-feet 
are present. They may spread all over the 
body or may be restricted to the ambu- 
lacral areas. The pharyngeal retractor 
muscles and the respiratory trees are pre- 
sent. The respiratory trees lack Cuvierian 
tubules. Examples: Cucumaria , Thy one. 
Pent acta, Sphaerothnria , Eehinocucumis , Psolus , 
Phyllopharus. 

Order Molpadonia 

The tube-feet are absent. The tentacles 
are small, unbranched and the number 
varies from 10-15. The tentacular am- 
pullae are present. The respiratory trees 
are present Examples: Gephyrothuria , Mol- 
padia , Catidina , Paracatidina , Acaudina. 

Order Apoda or Synaplida 

The body is elongated and vermiform. 
The lube-feet are absent. The water vas- 
cular system is greatly reduced and the 
radial ambulacral vessels arc absent. The 
tentacles are pinnately branched and the 
number vary from 10 -20. The tentacular 
ampullae are vestigial or absent. The res- 
piratory trees are absent. Examples: 
Synapta , Synaptula , QpheoSesoma (see Fig. 
8.12B), Leptosynapta , Ijrotankyra. 

Class Ophiuroidea 

The body is pentamerous and star- 
shaped. It has a distinct central disc with 
five elongated flexible arms, The arms are 



610 


BIOLOGY OF ANIMALS 


sharply marked off from the central disc. 
The ambulacral grooves are absent ex- 
cepting some fossils. The body is flatt- 
ened with distinct oral and aboral surfaces. 
There are no spacious prolongations of the 
coelom into the arms. The anus is lacking. 
The mouth and madreporite are situated 
on the oral surface of the body. The gonads 
are pentamerous and the genital bursae 
usually act as the gonoducts. The larva is 
Ophiopluteus. 

Order Ophiurae 

This order includes the serpent stars or 
brittle stars. The arms are simple, un- 
branched and five in number. The arms 
can move along the transverse plane of 
the body. The arms can not twine around 
any object. The madreporite is single. 
The spines are directed outward. Exam- 
ples : Ophiomyxa , Sigsbeia , Ophioplus , 
Amphiura> Ophiura , Ophiothrix , Qphioderma. 

Order Euryalae 

The arms are usually branched and can 
move vertically. They can coil themselves 
around any object. The spines are directed 
downward. The spines are often modified 
into hooks. There exists one madreporite 
at each inter-radius and the number 
corresponds with that of the stone canal. 
Examples: Asteronyx , Conocladus, Gorgono- 
cepkalus (Fig. 18.25F), As trophy ton, Astrogym- 
notes , Euryale. 

Glass Ophiocistioidea 

This class includes peculiar fossil echi- 
noderms. The fossils were abundant from 
Ordovician to Devonian periods. 

The body is disc-like and is without 
arms. The body is enclosed by a theca. 
The theca is composed of plates excepting 
the peristome and is distinctly penta- 
merous on the oral side where the five 
ambulacral areas alternate with five inter- 
ambulacral areas. Each ambulacrum has 
three rows of plates and an interambulac- 
rum possesses one row of plates. There are 
two to eight pairs of giant tube-feet on the 
oral side of each ambulacrum. The tube- 
feet are covered by small plates. Examples: 
Eothuria , Sollasina , Eucladia , Bothriocidaris , 
Volchovia. 

Subphylum Pelmatozoa 

The subphylum Pelmatozoa is charac- 
terised by the possession of certain peculiar 


features. This subphylum contains a large 
number of fossil ecliinoderms. The mem- 
bers usually remain fixed throughout life or 
only in the young stage by aboral side 
or by a stalk. The stalk is supported by 
rows of calcareous ossicles. The free end 
or the oral surface of the disc bears the 
mouth at the centre. The anus is also 
situated on this surface. The viscera are 
enclosed in a calcareous theca. The ciliated 
ambulacral grooves function as the food- 
grooves. The tube-feet, when present, are 
small tubular ciliated tentacles without 
suckers. They help primarily in food 
catching. 

Glass Heterostelea 

This class also contains fossil forms with 
laterally flattened non-porous theca. The 
radial symmetry is absent. The fossils 
were present from Gambrian to lower 
Silurian. The body is fixed by stalk which 
is composed of two or more rows of skele- 
ton. Examples: IHacocystis , Cothurnocystis , 
T rochocystites , Dendrocystites. 

Glass Cystidea 

The representatives of' the class consti- 
tute a very well-known group of extinct 
ecliinoderms distributed from the Ordovi- 
cian to Silurian periods. 'They have vase- 
like bodies which remfiin fixed with the 
substratum directly or through a stalk. 
The theca is composed of many rigid poly- 
gonal plates. The plates constituting the 
theca arc mostly porous and are perforated 
by canals. The food-grooves extend over 
the surface of the theca. The branchiolcs 
are devoid of pinnules. 

Order Rhombifera 

The thecal canals produce various types 
of pores in a few or in all plates of the theca. 
Examples : Caryocy stiles , Echinosphaerites . 
Glyptocy stiles , Lovenicystis , Cystoblastus . 

Order Diploporita \ 

The thecal canals ajre usually in the 
form of diplopores in al| or in some of the 
thecal plates. Examples: Proteroblastus , 
Aristocystites, Spkaeronites# Mesocystis , Astero - 
blastus. 

Glass Blastoidea 

The members of this* extinct class had 
pentamerous radially symmetrical thecae 
consisting of thirteen plates in three rows. 
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The fossils were abundant from Ordo- 
vician to Permian periods. They were 
mostly fixed forms and remained attached 
with the substratum directly or through a 
short stalk. The ambulacra are peta- 
loid and are five in number. They possess 
the characteristic respiratory structures 
called hydrospires. Examples: Cadaster , 
Penlremites, Phaenoschisma , Orophocrinus, 
Troostocrinus, J^ygocrinus. 

Class Crinoidea 

This class includes both living and 
extinct representatives. The existing mem- 
bers are mostly free-living and stalkless. 
The body exhibits strong pcntamcrous 
symmetry. The oral surface is directed 
upwards and the theca on the aboral side 
is differentiated into a non-porous cup-like 
calyx. The arms are movable, branched 
and may be devoid of pinnules. The 
mouth is centrally placed and the anus is 
generally excentrically placed on the oral 
surface of the body. The food-grooves 
radiate from the mouth to the oral 
surface of the arms and extend to the tip 
of the pinnules. 

Order Articulata 

This order contains both living and 
fossil crinoids with flexible pcntamcrous 
calyx. The arm ossicles on the lower 
side are united with the calyx. The arms 
are generally branched. The tegmen is 
leathery with small plates. The ambulacra 
and the mouth remain open. Examples: 
Miller icrhuis, Pharynocrinus , Bourgueticrin us , 
Rhizocrinus , Isocrinus , Antedon. 

Order Inadvnata 

'Phis order includes extinct crinoids 
ranging from Silurian to Permian periods. 
The calyx is rigid and the ambulacra arc 
mostly open. The pinnules may or may 
not be present. The lower arm ossicles arc 
separated from the calyx. Examples: 
Hybocystiles , Anartiocrinus , Otlawacrinus. 

Order Flexibilia 

This order also includes fossil cri- 
noids distributed from Ordovician to 
Permian periods. The calyx is flexible 
and the ambulacra are covered. The pin- 
nules are totally ^absent. The lower arm 
ossicles are united with the calyx. Exam- 
ple: Forbesio&inus . 


Order Gamer ata # 

Members of this extinct order of crinoids 
were abundant from Ordovicin to Permian 
periods. The calyx is rigid with branched 
pinnulated arms. The arm ossicles on the 
lower side are united with calyx. The 
tegmen is armoured with plates and covers 
the mouth and ambulacra. Usually an 
anal tube is present. Examples: Xenocrinus , 
Reteocrinus , Archaeocrinus , Platycrinus, Tech - 
nocrinus. 

Class Edrioasteroidea 

Extinct forms are with disc-like body and 
remain fastened by the aboral end. They 
are fixed forms but without stalk. The 
theca is sac-like, flexible and composed of 
numerous polygonal plates. Five curved 
or straight ambulacra radiate from the 
central mouth. The ambulacra bear pores 
for the passage of the tube-feet. Fossils 
extend from Cambrian to lower Car- 
boniferous. A hydropore between the 
mouth and anus is reported to be 
present. Examples: Stroma locystites, Walco- 
ttidiscus , Carneyella , Cystaster , Cooperidiscus , 
Isorophus. 

An outline scheme of classification of 
the phylum Echinodermata according to 
H. B. Fell is given in page 612. 


GENERAL NOTES ON 
ECHINODERMS 

HISTORY 

The member of the phylum Echino- 
dermata are known to mankind from 
ancient times. Echinodcrms were first 
given the status of a distinct group by 
Bruguierc in 1791. But the credit of coining 
the term Echinodermata goes to Klein 
(1734). Linnaeus studied a number of 
Echinodcrms, but placed Echinus , Asterias 
md Holotlmria under Mollusca. Lamarck 
(1801) included the Echinoderms and 
medusoid Coelenterates under the class 
Radiata. Leuckart (1854) opposed the 
concept of Radiata • and separated the 
Echinodcrms from Goolenterates. Echi- 
nodcrms were placed iri a distinct phylum 
Echinodermata and were considered as a 
group higher in evolutionary scale than 
Coelenterata. 
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e.g. Pedinus -+Arbacioida, e.g. Echinoeardium 

e.g. Arbacia 

Pygastmido , 

e.g. Pygaster -* Temnopleuroida 

e.g. Mespilia 



Subphylum: III — Crinozoa (This subphylum includes six classes of which the Glass Crinoidea has representatives in existing seas). 
Class : Crinoidea 
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Huxley (1875) proposed a new name 
Deuterostomata and placed all the bilaterally 
symmetrical coelomates under the group. 
The term Enterocoela including Ghaetog- 
natha, Echinodermata, Hemichordata and 
Chordata, was also used by many authors. 
The group Enterocoela seems to be 
synonymous with Deuterostomata. It is 
now established that the different groups 
under Deuterostomata or Enterocoela are 
widely separated for their structural diver- 
sities and there is no justification to include 
them under one group. Metschnikoff 
(1881) included the Echinoderms and 
Hemichordates under Ambulacraria on the 
basis of striking resemblances between the 
Echinoderm larvae and Tornaria larva of 
Hemichordata. In spite of the similarities 
between Echinoderms and Hemichordates. 
they are placed in separate groups. The 
names of Bather (1900), Mortensen and 
Licberkind (1928), Cue not (1948) are to 
be mentioned for their outstanding and ex- 
tensive treatise on different Echinoderms. 

HABIT AND HABITAT 

Echinoderms arc exclusively marine 
animals. They inhabit all the seas and in 
all latitudes. They are usually absent in 
colder areas, excepting Crinoids which are 
not uncommon in arctic and antarctic re- 
gions. Echinoderms are found from the in- 
tertidal zone to the depth of about 6,000 m. 
Almost all the Echinoderms are benthonic 
and live in all types ofsea bottoms. Asteroids 
crawl on the bottom and a few forms, be- 
longing to the family Benthopectinidac , swim 
by the arms. The Holothurians remain 
adhered to the rocky bottoms and conceal 
themselves under rocks. Some Holothur- 
ians like Holothuria , Stic hap us, Actinopyga, 
are adapted to the sandy bottom. Some of 
them remain partly or wholly buried in 
sandy or muddy bottoms. Leplosynapta 
spends entire life being completely buried 
in soft bottom^ and they move under the 
Surface, Echinoids are also benthonic 
animals and keep the oral surface of the 
body in contact with the substratum. Some 
Echinoids are rock-borers and make bores 
like honey-coipbs in the rocky wall. 
The typical rock*boring Echinoids are 
Psammechinus milians and Paracentrotus 
livides . The Ophiuroids inhabit all 
sorts of sea-beds. They usually hide 
under rocks and sea-weeds. They remain 
attached to other objects by their flexible 
arms. They exhibit various types of 


movement by the arms. Some Ophiuroids 
have the habit of burrowing in sand as 
seen in Amphiura chiajei . The crinoids are 
shallow-water inhabitants, except the 
stalked forms which occur mostly in deep 
sea ranging from 200-5000 m. 

Most of the Echinoderms are sluggish 
animals and move very slowly. They can 
either crawl on the surface or may swim 
in water by the arms. The ophiuroids are 
the most active forms amongst the Echi- 
noderms. The Crinoids are more or less 
sedentaric animals. Most of the adult 
Crinoids are stalked and remain fastened 
to the bottom by aboral side of the body 
directly or through a stalk. The deep sea 
forms are generally stalked. A few Crinoids 
detach themselves from the stalk in adults 
and usually lead free and pelagic life. 

Echinoderms are gregarious animals 
and usually live in large groups. They are 
mostly nocturnal. They are bottom feeders 
and eat all sorts of food available in the 
sea bottoms. Most of them are carnivorous 
but several herbivorous forms are also 
known. 

SIZE 

The sizes of Echinoderms arc relatively 
moderate. The largest Asteroid known is 
Pycnopodia helianlhoidcs 4 which measures 
about 90 cm. The largest urchin living in 
the deep sea realms is Echinosoma hoplacanlha 
whose shell is about 31 cm across. In 
another urchin, Diadem a, the spines are 
about 30 cm long. Synapla muculata , a 
Hololhurian, has 16 cm long body with 
the diameter of about 6 cm. The stem of 
some fossilised Crinoids is about 2 m in 
length. As regards the smallest represen- 
tatives of the group, it is seen that some 
fossil sand dollars measure only 2*5 cm. 

SHAPE AND SYMMETRY 

The phylum Echinodermata constitutes 
a very well-defined gr<j>up. They exhibit 
distinct radial symmetry in adults, except- 
ing some Holothurians^ where the radial 
symmetry is not marked externally. The 
disposition of both internal and external 
structures also exhibits ifadial symmetry in 
Echinoderms which is an exception among 
the Coelomata. The radial symmetry in 
adult organisation is acquired at the time 
of metamorphosis because the larval stages 
of all Echinoderms have bilaterally symme- 
trical bodies. All the Echinddcrms have a 
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pentamerous body plan and have distinct 
oral and aboral surfaces. The terms ‘dorsal’ 
and ‘ventral’ are not applied in Echino- 
derm organisation. The mouth is centrally 
situated at the oral surface excepting a few 
Echinoids, Holothurians and Actinometra 
(Grinoid) where the position of the mouth 
is slightly shifted from its original place. 
But the position of anus varies quite greatly 
(Fig. 18.26) and it is located cxccnt rically. 
In some Echinoids and Grinoids, the anus 


the aboral surfaces are inconspicuous due 
to the extension of the ambulacral surfaces. 

In all the members of the subphylum 
Eleutherozoa, excepting the Holothurians, 
the mouth is directed downwards. In Holo- 
thurians, the mouth is horizontally directed 
and they apply one side of the body to the 
ground. But in Grinoids, the mouth is 
directed upwards. 

Presence of tube-feet or podia is the 
characteristic feature of the phylum. In 


mouth anus 



is placed on the oral surface. The anus 
may be totally wanting in a few adult 
Asteroids and Ophiuroids. 

The symmetry of the body has moulded 
all the organs of the body. Externally, the 
radial symmetry is exhibited by radii and 
inter-radii. The radii are marked by rows of 
tube-feet and the inter-radii are the por- 
tions of the body between the radii. But 
in some Holothurians, the tube-feet may 
spread over the inter-radii of the body. The 
tube-feet are usually restricted to the oral 
surface (excepting Holothurians and Echi- 
noids where the tube-feet extend up to 
the aboral side to some extent) which is 
also called actinal or ambulacral surface. 
The other side (without tube-feet) is 
called abactinal or adambulacral surface. 
The body is prolonged into arms in the 
direction of the fadii in Asteroidea, Ophiu- 
roida and ptinoida but in roundish Echi- 
noids and sausage-shaped Holothurians, 


Asteroidea, Kchinoidea and Holothuroi- 
dea, the tube-feet are provided with 
terminal suckers and they help in loco- 
motion. In other forms, they are variously 
modified to subserve other functions, like 
respiration, food-collection and tactile 
sensation. 

BODY WALL AND SKELETON 

The epidermis is usually ciliated except 
in Holothuroids and Ophiuroids. The 
epidermis usually contains gland cells and 
sensory cells. The characteristic dermal 
ossicles vary quite greatly. They may re- 
main scattered or may bp firmly united so 
as to form an armour. Despite great diver- 
sities in form, they "are possibly homolo- 
gous in all Echinoderms. The ossicles are 
formed as the deposition of calcareous sub- 
stances in the connective tissue matrix. 
The dermal plates are spiny in most cases 
and the spines are mainly protective in 
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function. They may also help in locomo- 
tion in sofae cases. The spines and other 
processes derived from them, are movably 
placed. In Asteroids and Echinoids, some 
of the spines become specialised into 
Pedicellariae. The detailed structure of the 
pedicellariae has been described in the 
example part of the phylum. These are 
nothing but two or three spines arranged as 
pincers. The pedicellariae arc primarily 



Fig. 18.27. Apical skeletal systems of Ampkiura (A) 
and Ctyathocrinut (B). 


protective in function. The dermal plates 
are quite distinct in some Echinoderms; 
in others they are not clearly understand- 
able. However, the plates are broadly 
distinguishable into oral and aboral 
plates. The oral plates are five in 
number and are interradially placed. 
They can be easily distinguished in the 
Crinoids and Ophiuroids. The aboral 
plates are quite distinguishable in early 
developmental stages (Fig. 18.27). The 
aboral plates, in typical cases, consist of 
a central plate which is surrounded by five 
radially disposed infrabasals and five 
interradially placed basals. Beyond the 
circle, five radially arranged radials are 
placed. Both the oral and aboral plates 
arc absent in Holothurians. The infrabasals 
as well as the radials are lacking in 
Echinoids. Other details regarding the 
skeletal system is dealt under the different 
examples of the phylum. 

DIGESTIVE SYSTEM 

The alimentary canal in Echinoderms 
shows great variation in different groups. 
The alimentary canal becomes coiled in 
mpst forms. In Ophiuroidea and Asteroidea 
the alimentary canal is axial. The position 
of the mouth and anus varies greatly in 
different classes. The anus is usually ex- 
centrically placed excepting Holothurians. 
In Crinoids, the mouth and anus arc 
situated on the same side of the body. 
The anus is lacking in Ophiuroids and in a 
few adult Asteroids. The alimentary 
canal bears various diverticula, such as 
siphon in Echinoids, respiratory trees in 
Holothurians, cardiac and pyloric caeca 
in most Asteroids and intestinal diverti- 
cula in Crinoids. Lack of separate glandular 
appendages is the most remarkable feature 
in Echinoderm anatomy. 

COELOM 

The coelom in the ad|ilt Echinoderms 
is represented as several^ distinct spaces. 
It develops from a diverticulum of the 
embryonic enteron. The mverticulum sub- 
sequently becomes separated from the 
enteron and forms a nunjjber of sacs — the 
hydrocoel and the splanchmcoeU The water 
vascular system arises from the hydrocoel 
and the splanchnocoel transforms into 
several systems of spaces: * x 

(i) The body cavity proper or the 
perivisceral cavity develops from the right 
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and left posterior coelom in the larva. It 
has no connection with the exterior except 
in Crinoids where the water-pores open 
into it. 

(2) The axial sinus varies greatly in 
development. It usually develops from 
the anterior larval coelom. The stone 
canal opens into it and communicates 
with the exterior through water-pores or 
with the coelom as in most Holothurians. 

(3) The sinus system or the perihaemal 
spaces . This part develops as outpush- 
ing of the posterior and anterior larval 
coeloms. This part of the coelom forms a 
covering of the haemal channels. It 
consists of a circumoral space and five 
radially placed tubes. This system is not 
present in Crinoids. The aboral circular 
sinus is also included in this system. 

The coelomic spaces have an epithelial 
lining which is ciliated in most places. It 
contains albuminous fluid with floating 
amoebocytes which are phagocytic in func- 
tion. Several types of amoebocytes of 
different sizes and appearances have been 
distinguished. Another type of corpuscle 
with vibratile tail is also recorded in the 
coelomic fluid. They are designated as 
vibratile corpuscles. They set forth a constant 
circulatory movement of the coelomic 
fluid. In Holothurians, a good number of 
flattened nucleated cells containing 
haemoglobin are present. 

WATER VASCULAR SYSTEM 

The anatomy of Echinoderm represents 
a characteristic canalicular structure tra- 
versing the body These canals constitute 
the water vascular system. As stated earlier, 
the water vascular system i? cntcrocoelic 
in origin and arises from the left hydrocoel. 
It exhibits radial symmetry from the 
beginning and is equally developed in all 
Echinoderms. This system lies just above 
the haemal system. It is primarily loeomo- 
tory in function and also subserves the 
function of tactile and respiratory organs 
in some cases. The excretory role of water 
vascular system, suggested by some wor- 
kers, is not yet fully ascertained. 

Histological picture reveals that the 
canals have an inner lining of flat ciliated 
epithelium, a layer of longitudinal mus- 
cles, a conn^ptive tissue layer and an 
outermost layer of flat ciliated cells. The 
canals of*the water vascular system con- 


tain a fluid of albuminous nature. It 
contains sea water and leucocytes. Exis- 
tence of red corpuscles is recorded in an 
Ophiuroid, Ophiactis virens. Binyon (1962) 
has shown that the level of* potassium in 
the fluid may be as much as 60% above the 
sea water value. Boolootian (1961) has re- 
cognised 14 different types of amoebocytes 
in this fluid. 

The water vascular system in different 
classes of Echinodermata has almost the 
same structural organisation. It comprises 
of a few canals together with some appen- 
dages attached to these canals. The typical 
arrangement of the water vascular system 
is exhibited by Asterias. The water vas- 
cular system includes a circumoral canal 
( circular ambulacral or ring canal) situated 
around the mouth which gives tubular 
radial extensions called radial canals . 

The number of the radial canals is 
usually five. But the number corresponds 
to the number of the radii of the body. 
Each radial canal ends blindly at the 
end of the arrn and gives off along its 
course lateral vessels , each joining a tube- 
foot. Each tube-foot is a hollow conical 
or cylindrical process with an ampulla and 
a terminal sucker . The junction between 
the lateral vessels and the tube-feet is pro- 
vided with valves which assist in locomo- 
tion. The contraction of the ampullae 
results in the extension of the tube-feet. 
A short, slightly curved, cylindrical and 
vertically disposed stone or sand canal is 
present between the madreporite and the 
ring canal. The stone canal opens into the 
ring canal at the oral end and into the 
madrcporic ampulla at the aboral end. 
The madreporite is a skeletal plate-like 
structure placed at the aboral side. It is 
perforated by pores, called the madreporic 
pores y which lead into madrcporic ampulla 
or vesicle from where the stone canal 
starts. The stone canal is surrounded by a 
wider canal, called axial sinus \ the wall 
of which becomes folded to form the 
axial organ or dorsal organ or ovoid gland or 
heart . The role of axial organ is not fully 
known. 

Besides the main vessels, some appen- 
dages become associated with the system. 
Interradially located and connected with 
the ring canal, there a/e polian vesicles and 
Tiedemanti s bodies. The Polian vesicles are 
bladder-like sacs with narrower neck. They 
are contractile and usually manufacture 
amoeboid cells. The Ticdemann’s bodies 
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are glandular in nature and consist of a 
number of* branched tubules. They are 
yellowish in colour and give origin to cells 
for the water vascular system. 

Modifications of the water vascular 

system in different classes 

The water vascular system is equally 
developed in all Echinoderms and has 
basically the same structural plan. In the 
different classes, slight deviations from the 
basic plan are encountered. The variations 
are due to their adaptations to different 
modes of living. 

Madrcporite. In Asteroidea, it is a 
calcareous seive-like plate and is situated 
aborally. The increase in number of the 
madrcporite is observed in many Aster- 
oidea. The number of madreporites is 3 
in Aster ins capensis , 4 in A. tenuispina , 16 in 
Acanthus ter echinites. The madreporite is 
provided with many secondary water- 
pores. Most of the water-pores lead into 
stone canal and rest into the axial sinus 
in adults. The water-pores are many in 
number and develop from one primary 
larval water-pore. Like Asteroidea, in 
Echinoidea also the madreporite possesses 
many pores, but Echinocyamus pusillus , 
is peculiar in having only one water- 
pore. In Ophiuroidea, the madreporite 
has one water-pore, but in Ophiurae and 
Astrophytidae there are several water- 
pores. In Holothuroidca true madreporite 
is absent. Great variations are observed 
regarding the opening of the stone canal. 
In Pelagothuria it opens to the exterior 
by one pore and in many Elasipodidae 
there are 2 to 50 or more pores. 
But in some Elasipodidae and Molpa- 
didae the stone canal opens into the 
coelom by many pores instead of opening 
to the exterior. In the rest of the Holo- 
thurians, the stone canal opens into the 
axial sinus which in turn opens to the 
exterior by one or more water-pores which 
are comparable to madrcporite. The 
madreporite in this case may best be 
called as internal madreporite. In Grinoi- 
dea, madreporite is represented by fine 
water-pores on the*body surface and these 
water-pores lead directly into the body 
cavity. The water-pores are recorded to be 
1500 in Antedon bifidia. 

Stone canal. Normally the stone canal 
is a short, slightly curved and vertically 
disposed cylindrical tube. It opens into the 


ring canal at the oral end. It is enclosed by 
the wall of another wide canal, the axial 
sinus . In Asteroidea, the stone canal is one 
and ‘S’-shaped. But in Asterias rubens y 
there are two stone canals. The wall of the 
stone canal is provided with calcareous 
ossicles. Development of a longitudinal 
ridge-like projection makes the stone 
canal complicated in the different mem- 
bers of the Asteroidea (Fig. 18.28). The 
following conditions are encountered: 
(1) In Echinaster purpureus , the fold projects 
as a ridge into the canal. This represents 
the simplest condition. (2) In Aslcrina 
gibbosa , the free terminal end divides into 
two lamellae which may be coiled. This is 
seen in Asterias and Gymnasterias . (3) In 
Astropeclen , the coiled lamellae become very 
complicated and extend between the walls 
from one side to another of the lumen. (4) 
In Culcita and Astropeclen aurantiacus , the 
whole lumen becomes divided into a 
number of irregular chambers. In Echi- 
noidea, the stone canal is only one and 
has soft membranous wall devoid of 
calcareous matter. In Cedar is, the wall of 
the stone canal is provided with calcareous 
deposit. The stone canal has an ampulla 
below the madrcporite. In Ophiuroidea, 
the stone canal is devoid of calcareous 
deposition and opens in one of the oral 
plates. In Trichaster elegant, there are 
five stone canals. In Ophiaclis virens , the 
stone canals are many. In Holothuroidca, 
the stone canal is mostly single but in 
some cases it may be more than one. The 
number of accessory stone canal is also 
variable. Its walls are provided with cal- 
careous matters. The opening of the stone 
canal shows greatest variation, particularly 
in Holothurigns. The stone canals in all 
Holothurians are attached to body wall. 
In Pelagothuria , the stone canal opens to 
the exterior by one or many pores. This 
also is true in many Elasipodidae. In 
Thy one, the stone canal is branched. In some 
Elasipodidae and Molpadjdac the stone 
canal ends blindly and opens internally 
into the coelom by many pores as in the 
genus Elasipoda . In Grinoicfca, stone canal 
as such is absent. Numerous tubes, without 
calcareous deposits in their Avails, emerging 
from the ring vessel are the representatives 
of the stone canals of other groups. 

Axial sinus and Axial organ. The axial 
sinus is variously developed in different 
Echinoderms. It is qtiite distinct from 
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Fig. 18.28. Sc* tional view of stone canal in various Asteroids. A. Echituister . B. Aster i mi. C. Asterias. 
D & E. Astropedtn . F. Culcita. 


the perivisceral cavity in adult except- membrane (peristome). It is cornmunica- 
ing sonic Holothurians and Crinoids. The ted with the exterior through the stone 
axial sinus is inconspicuous in Asteroids, canal and axial sinus. In Echinoidea, the 
very small in Echinoids and Ophiuroids. ring canal is situated at the upper end of 
The axial organ , a fold from the wall the jaws and gives five radial vessels. In 
of the axial sinus, is present in all Echino- Ophiuroidca, the condition is same as in 
dernis excepting Holothurians. The axial Asteroidca. In Holothuroidea, the ring 
organ comprises connective tissue and canal is situated around the oesophagus 
cells of germinal rudiment. In Echinoids and the. five radial vessels extend towards 
the axial sinus ends blindly and communi- the oral end and again proceed aborally 
cates with the stone canal. In Crinoids, the along the radii of the body. The radial 
portion of the coelom, into which the tubes vessels end blindly and the terminal ten- 
from the ring vessel open, represents the tacle, characteristic of Asteroidca and 
axial sinus. The axial organ occupies the Echinoidea, is absent. The number of 
axis of the body. It consists of anasto- radial vessels are five. They are absent in 
mosing canals embedded in connective Synaptidae. In case of Crinoidea, the 
tissue. terminal tentacles are absent and the radial 

Ring canal and Radial canals. The vessels end blindly. 
ring canal is a constant structure in all Lateral vessels and Tube-feet. The radial 
Echinoderms and is situated round the vessels give lateral msels to the tube-feet, 
mouth. It gives tubular prolongations The tube-feet are cylindrical processes 

along the radii called radial canals or radial and their cavities are continuous with 

vessels , In* Asteroidea, the ring canal is the water vascular system. The tube- 

pentagorfal and is situated in the buccal feet possess ampullae at their inner ends 
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and suckers at the terminal ends. The 
ampullae ate present in all echinoderms, 
except Ophiuroidca and Crinoidea. In 
Crinoidea, terminal suckers are absent and 
the tube-feet are sensory and respiratory in 
function. In many Astropectinidae, each 
tube-foot is provided with two ampullae. 
In all the members of the Asteroidea the 
tube-feet are provided with well-developed 
suctorial disc-like expansions. In Echi- 
noidea, the tube-feet show variations. In 
Endocyclica, the terminal ends of the 
tube-feet are suctorial and supported 
by calcareous rings. In Cidaridae and 
Echinothuridae, small oral tube-feet 
project from the perforations of the 
ambulacral plates which are olfactory in 
nature. In Glypeasteroids, the tube-feet 
are broad and the walls are devoid of 
calcareous bodies. They help in respira- 
tion. The cylindrical tube-feet which are 
suctorial and provided with calcareous 
rings, are locomotory in function. But in 
Spatangoids, the tube-feet vary quite 
greatly which are due to their functional 
activities. The tube-feet without suckers 
are respiratory in function; with suckers 
and calcareous ring are locomotory in 
function; with expanded terminal disc and 
filaments around the mouth as the tactile 
organ; rosette feet act as prehensile organs 
and seize food from the surroundings. In 
Ophiuroidea, the orientation of the lateral 
vessels and the tube-feet is same as # in 
Asteroidea, but they arc devoid of 
ampullae and arc exclusively sensory in 
function. In Holothuroidea, lateral 
branches from the radial vessels go into 
the tube-feet as well as into the tentacles. 
Some lateral branches also emerge from 
the radial vessels and end blindly in 
the body wall. Ampullae are present in 
the tube-feet and in the tentacular 
canals. The tentacular canals are devoid 
of ampullae in Elasipodidae where 
they arise directly from the ring canal. 
Among the Crinoidea, in Antedon , each 
lateral branch from the radial vessel 
supplies three tube-feet. The tube-feet 
have ampullae. They are purely respira- 
tory and sensory in function. 

Potian vesicle and Tiedemann’s bodies 

The ring canal possesses bladder-like 
potion vesicles and gland-like Tiedemann’s 
bodies * In Asteroidea, the number of polian 
vesicles varies greatly. They are totally 
absent in Asterias rubens and A. glacialis. 


There are cases where two or many polian 
vesicles may be present in each interradius 
as seen in Astropecten . In this case, a few 
vesicles open into the ring canal by one 
common stalk (Fig. 18.29). The Tiede- 
mann’s bodies are attached to the ring 



Fig. 18.29. Cluster of polian vesicles of Astropecten . 

canal and are usually two in each inter- 
radius excepting that containing the 
madreporite where only one is present. 
Amongst Echinoidea, in most Endocyclica, 
a small spongy outgrowth in each interra- 
dius is present which is supposed to be the 
polian vesicle. There are five Tiedemann’s 
bodies in Echinoidea. In Ophiuroidea, in 
each interradius excepting that of stone 
canal there is a polian vesicle. In Ophiactis 
virens , besides two or three polian vesicles 
opening in each interradius, there are 
many tubular canal of Simroth (supposed to 
be respiratory in function). In Holothu- 
roidea, usually one large polian vesicle is 
present. In some exceptional cases more 
than one polian vesicles may be present. 
In Crinoidea, the poliarj vesicle and 
Tiedemann’s bodies are absent. 

I 

Functions of the water vascular system 

The main function of the Jvater vascular 
system is to help inf locomotion. 
Echinoderms having suctorial tube-feet 
can adhere to the substratuiin temporarily. 
Non-suctorial tube-feet help in respiration. 
The brush-like tube-feet in Spatangid 
Echinoderms work as olfactory and tactile 
organs. In some Spatangids the tube-feet 
are prehensile in nature* : 
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HAEMAL SYSTEM OR BLOOD 
LACUNAR SYSTEM 

The existence of blood vascular system 
in Echinoderm cannot be definitely stated. 
The haemal system in echinoderm plays 
the role of blood vessels. But the fluid con- 
tained in this system does not show any 
circulatory movement. This system com- 
prises a peculiar connective tissue of 
doubtful nature. The haemal system is 
present in all the Echinoderms and is 
well-developed in Asteroidea and Ophiu- 
roidca. The haemal system is greatly re- 
duced in Crinoidea. The haemal system is 
almost same in all the classes of Echino- 
derm excepting a few minor modifica- 
tions regarding positional changes of the 
madreporite. In Echinoderms, the haemal 
system consists of an oral ring with five 
radial canals which terminate blindly at the 
aboral end. The oral ring gives off a 
gastro-intestinal system which becomes quite 
complicated in most of the cases. Conspi- 
cuous development of the gastro-intestinal 
system suggests that its primary function 
is nourishment. 

EXCRETORY SYSTEM 

The process of excretion in Echinoderms 
is not fully known. There is no specialised 
organ in Echinoderm which can be assign- 
ed to be excretory in function. With all 
probabilities, some organs associated with 
the water vascular system or with the axial 
sinus are responsible for the elimination 
of the nitrogenous waste products. 

NERVOUS SYSTEM 

The nervous system is modified 
in different classes of Echinoderm. This 
system consists of (1) Ventral nervous 
system; (2) Deep oral nervous system 
and (3) Apical nervous system. The 

VENTRAL NERVOUS SYSTEM is wcll-devclop- 

ed in different classes of Echinoderms. This 
system is placed superficially and consists 
of diffused subepithelial nerve plexus which 
becomes concentrated in the different parts 
of the body. It is sensory in nature and 
supplies nerves to the integument, tube-feet 
and gut. The ectodermal part, of the plexus 
is called ectoneural and the endodcrmal 
part is designated as endoneuraL The 
ectoneural plexus becomes concentrated 
around the ir>mth as the circumoral nerve 
ring which, in turn gives radial nerves 
along tht 1 radii. In Echinoidea, Ophiu- 


roidea and Holothuroidea, the circum- 
oral nerve ring and radial nerves are plac- 
ed in the wall of the epineural canal . The 
ectoneural plexus prolongs into the tube- 
feet, spines and pedicellariae. The endo- 
neural plexus is well formed in Asteroidea 
and forms perioesophageal nerve ring around 
the rnouth opening. The deep oral 
nervous system consists of two nerve cords 
(Lange’s cords) in each radius. These two 
nerve cords lie in the ectoneural system and 
are separated from the* radial nerve by con- 
nective tissue layer. They are mesodermal 
derivatives and motor in nature. The 
apical nervous system consists of a 
cord situated in the mid-dorsal line of the 
body. It develops from the dorsal perito- 
neum. This system is best developed in 
Crinoidea and is altogether absent in 
Holothuroidea. It is exclusively motor in 
nature and mesodermal in origin. 

The sense organs are mainly the tac- 
tile organs. The tube-feet, are exclusively 
sensory in function in majority of the 
Echinoderms. The terminal tentacles are 
sensory units in starfishes. They are tactile 
organs situated one at the tip of each arm. 
This spines are also highly sensitive. The 
pigmented spots situated at the tip of the 
arms of Asteroidea arc probably photo- 
sensitive. The shining spots on the skin of an 
Echinoid, Diadem a, arc also assigned to be 
visual in function. The otocysts of Holo- 
thuroidea and Sphaeridea (modified spines ; 
of Echinoidea are the organs of special 
sense. Besides these structures, numerous 
neurosensory cells are scattered all over 
the body which are either tactile organs 
or chemoi eccptors. 

REPRODUCTIVE SYSTEM 
Sexual reproduction 

In Echinoderms, the sexes are separate 
except a few hermaphroditic forms, such as 
As ter in a gibbosa , Cucumaria frondosa and 
Amphiura squamata . The reproductive 
organs in Echinoderms are quite peculiar 
in nature. Mac Bride has shown that 
the reproductive organs are composed of 
cells derived from co^lomic epithelium. 
The reproductive organs are connected 
with a cellular cord called genital rachis . 
Existence of the genital rachis in Holo- 
thuroidea is questionable. A cord having 
germ cells passing along the genital duct 
towards the body wall, is comparable to 
the genital rachis of others. 



622 


biology of animals 


The reproductive organs consist of tufts 
of branched^ paired and intcrradially dis- 
posed bodies. They open directly on the 
surface. In Crinoidea, the reproductive 
organs are contained in pinnules which are 
devoid of an opening to the exterior. The 
mode of discharge of genital products in 
this case is not known. In Asteroidea, 
Ophiuroidea and Echinoidea, the gonads 
are oriented pentamerously in the inter- 
radii. In Asteroidea, there are five pairs of 
gonads which open usually on the aboral 
surface. In a few genera under the class 
Asteroidea, the gonads are numerous in 
number. In Holothuroidea there is only 
one branched gonad which may be imper- 
fectly divided into two. But the single 
duct from the gonad opens to the exterior 
on the surface near the mouth. The re- 
productive cells, when ripe, are discharged 
directly into the sea. 

Asexual reproduction 

Asexual reproduction by fission is 
observed in many Echinoderms, especially 
in Asteroidea, Ophiuroidea and Holo- 
thuroidea. In Asteroidea and Ophiuroidea, 
a line of fission passes through the central 
disc, while in Holothuroidea it passes 
transversely along the axis of the body. 
Spontaneous reproduction by fission is 
reported in Aster i id genera ( Coscinas tends , 
Scleras leri as, Stephanas ten as, Linckia and 
Allostichaster) . Grozier (1920) found that in 
the first animal asexual reproduction is con- 
fined to summer months and normal game- 
tic reproduction occurs in winter months. 

REGENERATION 

The echinoderms are endowed with 
remarkable power of regeneration of their 
lost parts by autotomy (self-mutilation). 
The power of regeneration is relatively 
poor in Echinoidea, but in Asteroidea and 
Ophiuroidea, it is quite extensive. Re- 
generation of whole body from a single 
arm is recorded in starfishes. If arms or 
a portion of the central disc is extirpated 
or lost mechanically they can regenerate 
the lost portions. In Crinoidea and Holo- 
thuroidea the powjer of regeneration is so 
profound that the internal organs or por- 
tions of them are capable of being 
regenerated. 

DEVELOPMENT 

In all Echinoderms, the eggs are ferti- 
lized in sea water. Almost all the echino- 


derms pass through characteristic free- 
swimming and bilaterally symmetrical 
larval stages (Fig. 18.30). In Asterina 
gibbosa , free-swimming larva is absent 
as the development occurs in the brood 
of the mother. In a few holothurians, 
development occurs in the coelom and in 
the genital tubes in Chiridota contorta . 
Development in Stichaster nutrix takes place 
in the stomach of the mother. 

The Echinoderms, where free-swimming 
larval forms are present, have small eggs. 
But in forms where development occurs in 
brood or body cavity or in stomach, the 
eggs arc relatively large in size owing to 
greater quantity of yolk. The fertilized eggs 
undergo total cleavage (holoblastic) and 
a large number of cells (blastomcrcs) are 
produced. These cells arrange themselves 
so as to form a hollow one-layered 
blastula . The blastula by invagination at 
its one pole transforms into a gastrula . 
The invaginating cells form the endo- 
derm and the outer layer becomes the 
ectoderm. The archentcron communi- 
cates posteriorly with the exterior through 
the blastopore. Mesenchymal networks in 
the form of nucleated protoplasmic pro- 
cesses are formed between the ectoderm 
and endoderm. These networks give rise 
to muscles, connective tissues and calca- 
reous ossicles. The archenteron acquires a 
new opening to the exterior at the antero- 
ventral side, called larval mouth. As 
development progresses, the anus is shifted 
vent rally and the cilia present all over the 
body become localised into definite 
bands. The disposition of the ciliated bands 
differs in different larval forms. 

Fate of larval mouth and anus. 

The fate of the larval rnouth and anus 
varies quite greatly among the different 
classes of the lichinodermata. In Astcroi- 
dea and Echinoidea, both of these close 
and the adult mouth and anus are formed 
anew. In Holothuroidea, both of these 
persist in adults. In Ophiufoidea, anus is 
lacking in adults but thq larval mouth 
persists. In Crinoidea, botK larval mouth 
and anus are absent. I 

Basic larval forms 

Dlpleurula larva. The dipleurula form 
(Fig. 18.30A) is reached during develop- 
ment and is characterise^ by its bila- 
terally symmetrical egg-shaped, body. The 
ventral concave side bears the Aiouth and 
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Fig. 18.30. DifFercnt larval forms in Echinodermata. A. Hypothetical Dipleurula larva. B. Bilateral 
stage of Pcntactjda larva. C. Pentactula larva after torsion of radial position. D. Bipitwaria larva. E, 
Brachi-olaria larva. F. Auricular in larva. G. Transitional stage from Aurirulcrta to Doliolaria larva. H. 
Echitioplubps. I. OpiopluUus . J. Doliolaria larva of Anledon. K. Late Doliolaria larva of Antrdon. 1.. 
Pentacrinoid stage of Antedon. 
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is encircled by a circumoral ciliated band. 
The anus is disposed ventrally. This Dip- 
leurula form is regarded by many as the 
hypothetical ancestral form of Echino- 
derm, as this form is universally present. 
The Dipleurula concept was first propoun- 
ded by Bather (1900). The major changes 
involved in other Echinoderm larvae are 
due to differential disposition of the ciliated 
bands. 

pentactula larva. This larval stage is re- 
garded as the next evolutionary step of the 
Dipleurula larva. This concept has been 
supported by Semon (1888), Burry (1895), 
Hyman (1955) and many others. The 
Pentactula larva (Fig. 18.30 B, G) has five 
tentacles around the mouth. The hydrococl 
is separated from the rest of the coelom to 
form the future water vascular system. 

Larval diversities 

It is presumed that from those basic 
larval forms other varieties of Echinoderm 
larvae have evolved in time and space. 

Bipinnaria larva. This type of larva (Fig. 
18.30D) is characteristic of the class 
Asteroidea. It possesses two ciliated bands 
— the prcoral and the postoral. The pre- 
oral ciliated band surrounds the prcoral 
lobe of the larva. The preoral lobe is 
highly developed. The postoral ciliated 
baud appears to be longitudinally placed 
and forms a complete ring between the 
mouth and anus. The bipinnaria larva 
bears a close resemblance with the 
auricularia larva of Holothurians. The 
body of bipinnaria larva is externally bila- 
terally symmetrical but subsequently the 
internal structures assume asymmetry. 
The preoral and postoral ciliated bands 
are continued over a series of prolongations 
of the body, called arms. The name 
and number of the arms developing from 
preoral and postoral ciliated bands are as 


follows : 

Name of the arms Number 

1 . Postero-lateral . . Two 

2. Postoral . . Two 

3. Postero-dorsal . . Two 

4. Antcro-dorsal . . Two 

5. Preoral * • • Two 

6. Ventro-median . . One 

7. Dorso-median . - One 


The preoral and ventro-median arms 
develop from the prcoral ciliated band and 
the rest of the arms develop from the post- 


oral ciliated band. The arms are provided 
with muscles and are contractile in nature: 
The antero-lateral arms are absent. These 
two ciliated bands are regarded to have 
arisen from a single ciliated band (as in 
auricularia) which becomes subsequently 
divided. This is evidenced by Asterias 
rubens and A. glacialis where these two 
ciliated bands remain initially dorsally con- 
nected. In artificially cultured bipinnaria 
larvae, sometimes a single ciliated band 
is seen. In Asterina gibbosa , the typical 
bipinnaria larva is slightly modified and 
it moves by the action of the cilia present 
in the larval organ . In the genus Luidia, 
the bipinnaria larva is peculiar in having 
a slender long anterior part which ter- 
minates into two wide arms. This larval 
form is named by Sars (1835) as Bipi- 
nnaria asUrigera . 

Brachiolaria larva. This type of larva (Fig. 
18.30E) is present in Asteroidea and is 
regarded as a modified form of bipinnaria 
larva. It possesses the following special 
features. There are three additional arms 
which are not ciliated in their courses 
except in Bipinnaria papillata. These arms 
are called the brachiolar arms and are 
beset with warts to help in temporary 
adhesion. These arms are devoid of 
calcareous rods and have prolongations 
from the coelom ic cavity. The bipinnaria 
stage is followed by the brachiolaria stage 
in all Asteroids but direct evidence is only 
furnished in two cases, e.g. Asterias glacialis 
and A. vulgaris. In Astropecten , Asterina 
gibbosa , the brachiolaria stage is absent 
and the bipinnaria larva metamorphoses 
directly into adults. 

Auricularia larva. The externally bila- 
terally symmetrical larva (Fig. 18.30F) 
is present in Holothuroidca and is charac- 
terised in having a single longitudinal 
ciliated band. The prcoral lobe is very 
well-formed. There are no calcareous 
rods, being replaced by spheroids or star- 
shaped or wheel-like bodies. In certain 
forms, e.g. Auricularia flelligera and A. 
sphaerigera , clastic spheres of unknown 
consistency are present. 

Doliolaria larva. The larval form is 
observed in Holothuroidca. The auricu- 
laria larva transforms into a barrel-like 
body with five ciliated bands which subse- 
quently break into pieces: (Fig, 18.30G), 
This particular stage is also designated as 
pupa stage . During metamorphosis into an 
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adult form, the ciliated bands disappear 
and further changes occur. 

In Cucumaria planet 9 the auricularia stage 
is absent and the embryo transforms 
directly into the doliolaria stage. In 
Cucumaria frondosa y C\ saxicola, P solus phan - 


in Opliiuroidea. (2) Echinqpluteus — in 
Echinoidea. Both the larval forms possess 
the postoral arms, antero-lateral arms, 
postero-lateral arms and postero-dorsal 
arms. But they differ in detail which are 
summarised in Table 1 — Echi noderma ta. 


Table 1 Eghinodermata 

Comparative Account of Ophiopluteus and Echinopluteus 


Structures 

Ophiopluteus 


Echinopluteus 

Postero-lateral arms 

Largest, present in 
j forms and project 
ward. 

all 

for- 

May be absent; when pre- 
sent, project backwards. 

Preoral and antero-dorsal 
arms. 

Absent. 


Present. 

Unpaired posterior arm 

Absent. 


Present in Spatangid Echi- 
noids where the ciliated 
band is not continued. 

Ciliated epaulettes and cilia- 

Absent. 


Present in advanced larval 


ted lobes. forms of Echinus and Spha- 

er echinus. The ciliated ep- 
aulettes are four in number 
and situated at the basal 
regions of the postero- 
dorsal and postoral arms. 
The ciliated lobes or auri- 
cular appendages are cuta- 
neous prolongations at the 
posterior end and are two 
in number. 

Calcareous skeleton Divided into two halves, Skeleton formation proceeds 

each arises from one from five to six calcification 
calcification point. points. 


tapus, both of the larval stages may be 
absent. In Holothuria Jloridana, there is no 
larval form and the embryo develops 
directly into a young Holothuroid. 

PluteuH larva. This larval form (Fig- 
18.30 II, I) can be regarded as a modifi- 
cation of the auricularia larva of Holo- 
thuroid. lake the auricularia larva it lias 
a single ciliated band, but it possesses long 
arms with ciliated bands at the margin. It 
has comparatively smaller preoral lobe. 
The postanal part of the body is quite 
well-developed. The anus are also sup- 
ported by calcareous rods. The pluteus 
larvae are of two kinds: (1) Ophiopluteus — 
40 [vol. i, 76] 


The typical ophiopluteus may be absent, 
in certain forms. The arms arc small 
in Ophiopluteus metschnikojji and O. clapa - 
redd. In Qphionotus hexactis the ophio- 
pluteus lacks arms. The larva may be 
elongated and without ciliated bands, llie 
skeletal rods are usually absent; if present, 
only one in number. This condition is 
observed in Ophiopluteus * annulatus , and 
O. oblong us. 

Antedon or ToUc larva * *This particular 
larva is also called doliolaria larva (Fig. 
18.30 J, K). This larval stage is present in 
Antedon and it has many structural pecul- 
iarities. It has a barrel-shaped body with 
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slightly flattened ventral side. It is free- 
swimming and exhibits bilateral symmetry. 
The ciliated bands are in the form of four 
or five separate transversely placed bands 
encircling the body. In Antedon bifida , 
there are four bands. In Antedon adriatica 
and A . mediterranea there are five bands. 
A tuft of cilia with stiff sensory hairs 
springs from a thickened ectodermal patch 
called apical neural plate which is 
comparable to that of Tornaria larva 
of Balanoglossus. The anterior ciliated 
ring is ventrally incomplete. There is a 
ciliated depression or larval mouth which 
is ventrally placed between the second 
and third ciliated rings. A small adhesive 
pit develops between the first and second 
ciliated rings by which the larva adheres 
to the substratum. The internal structures 
become rotated at an angle of 90° from the 
ventral to the posterior side. 

Cystidean or Pentacrinoid larva. This 
larval stage is also present in Crinoids. The 
anterior end of the antedon larva, after 
attachment, is prolonged into an elon- 
gated narrow stalk and the free end be- 
comes broader (Fig. 18.30L). The cilia- 
ted depression becomes a closed ectodermal 
vesicle which is gradually shifted to the 
free end. The floor of the depression is 
perforated by mouth and with the dis- 
appearance of the roof, the mouth and the 
tentacles become exposed. This particular 
phase is called Cystidean or Pentacrinoid 
stage. This stage resembles closely the 
adult Pentacrinus . The stalk in this form 
develops from the preoral lobe. This 
stage is quite similar to that of 
Asteroidca excepting that it lacks circu- 
moral vessel. 

AFFINITIES OF ECHINODERMATA 

The echinoderms, especially their larval 
forms, attract the attention of many Zoolo- 
gists due to the presence of many striking 
similarities between themselves and bet- 
ween different other groups of animals. 

A number of early workers have esta- 
blished affinities between the trochophore 
larva of annelids and some echinoderm 
larvae on the «basis of the presence of 
similar ciliated bands and some other 
superficial similarities. But these affinities 
are not based on any scientific ground 
because cleavage pattern is spiral in 
annelida but radial in echinoderms; 
coelom formation isschizocoelic in annelids 
hut enterocoelous in echinoderms. 


Some superficial similarities arc also 
noted in between the early developmental 
stages of Brachiopoda and Echinodermata. 
The similarities are: (i) cleavage is holo- 
blastic, (ii) blastula is a coeloblastula, (iii) 
the coelom is enterocoelous in the mem- 
bers of the class Articulata of phylum 
Brachiopoda, (iv) the members of class 
Articulata have free-swimming larval 
stage. However, these affinities are only 
superficial. 

The most convincing affinities are noted 
between the echinoderms and the chor- 
da tes. Hence many workers regarded the 
echinoderms to be the nearest group to 
the chordates. However, modern workers 
do not support the contention and they 
hold that the echinoderms and the 
chordates diverged separately from a 
common basic ancestor. The affinities are 
discussed below: 

(1) Mesodermal skeletal substance is 
present in both. 

(2) Presence of infra-epidermal nervous 
system in hemichordata. 

(3) The perforations on the calyx of 
carpoid echinoderms arc compared with 
pharyngeal gill-slits of Amphioxus. 

(4) Needham (1932) has tried to show a 
relationship between these two groups by 
analysing biochemical evidences. Inverte- 
brates have the phosphogen in the form 
of arginine phosphate whereas chordates 
usually have creatine phosphate. But the 
cchinoids among echinodermata and 
hemichordatcs among Chordata have 
both arginine phosphate and creatine 
phosphate. 

(5) Wilhelmi (1942) has shown simila- 
rities between the two groups by serologi- 
cal tests as well. 

(6) Cleavage is radial, holoblastic. 

(7) Blastopore changed into anus. 

(8) Enterocoelous mo(|e of coelom for- 
mation. I 

(9) The similarities ^between adult 
echinoderms and chordatjes are very few, 
but the affinities between: the larval forms 
are highly notable. MeUchnikoff (1869) 
tried to show the following affinities bet- 
ween the tornaria larva of Balanoglossus 
and the bipinnaria and auricularia larvae 
of the echinoderms : (i) frcv*-swimming and 
bilateral symmetrical larvao in both, (ii) 
transparent body with similar ciliated 
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bands, (iii) enterocoelous coelom with 
similar disposition, (iv) similar location of 
mouth and anus, (v) the madreporic 
vesicles in bipinnaria are thought to be 
homologous with heart vesicle of Balano- 
glossus. 


Dc Beer and Garstang hold that the 
tornaria larva, the dipleurula and pluteus 
larvae are living relics from a very remote 
period when the echinoderms and chor- 
dates were not diverged. The neotenous 
theory propounded by Garstang in 1894 



Bather {1900) claimed common 
ancestry of hemi chorda tes and echino- 
derms from the dipleurula larva. The 
genealogical tree given in 1957 by Anderson 
and Guthrie and the phylogenetic tree 
given in 1948 by L. H. Hyman in c ela- 
boration witli Prof. W. K. Fischer who also 
supports the same idea, (vide the phylo- 
genetic trees (Figs. 18.81 and 18.32). 


Chordata 


Echinodermata 


Brochiopodo 


Oipleurula 


Hemichordato 


Chaetognotha 


Enter ocoela 


J 


Schizocoela 


Eucoelomato 

yK Pseudocoelomata 
Acoelomata 


Primitive ^ocoel ? 
Bitaterio 


Fig. 18.32. Phytogeny of chordates (Guthrie 
and Anderson’s view). 

Muller and Bateson again claimed that 
the tornaria l$rva and dipleurula larva 
had evolved from a common ancestral 
source. 0 


holds that the chordates arose from some 
neotenous form of auricularia larvae. The 
adoral ciliated band of auricularia presu- 
mably functions to convey food particles 
into the oral aperture, and lor this it has 
been converted to the floor of the 
pharyngeal cavity. Garstang suggests that 
endostyle was derived from this loop of the 
adoral band of the auricularia larva. An 
atrium was developed in course of time to 
protect the gills. The fish-like swimming 
larva of tunicates is held by him to be 
formed lrom the development of muscles 
along the sides of the elongated body. The 
ciliary bands were then pushed upwards 
and subsequently rolled up with the 
underlying nerve plexus to form the 
neural tube. Fig. 18.33 shows Garstang’s 
idea of derivation of the protochordate 
from ecliinoderm larva. 

But all these traditional contentions have 
been objected by modern workers like Be- 
rrill (1955), Fell (1963), and Pawson. 
They deny the ancestry of chordates from 
any form of echinoderms and they also 
deny the relationship between the tornaria 
larva and the echinoderm larvae. Many 
counter-arguments have been put forward 
by them. ProtocoeMs unpaired in Balano- 
glossus, but paired in echinoderms. Extant 
echinoderms lack pharyngeal gill-slits. 
Bipinnaria larva lacks telotnoch. Then, the 
tornaria larva has a characteristic apica! 
plate with eye-spots. Fell, Berrili and mam 
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others hold that the affinities be tween torna- polating beyond the phylum, so as to 
ria and echinoderm larvae are not based on deduce taxonomic affinities on the basis of 
any phylogenetic relationship but are mere- resemblance between auricularia and 
ly due to larval convergence for similar tornaria, is therefore inadmissible. The 



Fig. 18.33. Showing the sequences of derivation of the protochorda to from rchiuodrrm 
larva, possibly the auricularia (after Garstang). A. Auricularia larva (side view). 

B-G. Protochordatc. B. Side view, G. Dorsal view. 

mode of life. In Fell’s own words “It unreliability of larval structure in the 
therefore follows that within the phylum eehinoderms as a guide to phylogenetic 
( Echinoderm ata), larval similarities do affinity is further illustrated by the occur- 
not indicate toxonomic affinities. Extra- fence of divergent patterns of development. 



Fig. 18.34. Showing the phylogenetic relationship of Denterostoraia (after Barrington, 1965). 
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within related groups (e.g. Ophiuroidea), 
and the occurrence of convergent patterns 
of development among unrelated groups 
(e.g. Asterozoa, Echinozoa, Grinozoa). ,, 

The presence of similar biochemical 
substances may not necessarily speak of 
any phylogenetic relationship and may be 
due to convergence for similar modes 
of physiological activities. Moreover, crea- 
tine phosphate has been found to occur 
also in other animals phylogenetically re- 
mote faorn the chorda tes, such as in sponges 
(Robin, 1954) and in many polychaetes 
(Hobson and Rccs 1955). 

Barrington has summarised the work 
of other workers like Bcrrill (’55), Bone 
(’60), Carter (’57), Marcus (’58) and 
Whitear ( 5 57) and has proposed that the 
echinodenns, the pogonophores. the heini- 
chordates and the rest of the chordates 
arose separately but directly from a com- 
mon bilaterally symmetrical, sessile or 
semi-sessile ancestor with tripartite body 
and coelom, dialed larval stage and 
ciliary mode of feeding from external 
source (Fig. 18.34). 

PHYLOGENETIC CONSIDERATIONS 

The phylum Echinodcnnata exhibits 
variety of forms. They differ from one an- 
other by specialised features. Despite 
apparent diversities, they possess striking 
similarities in development and in their 
basic structural organisation. They have 
many common features: (1) The eggs are 
small and yolked. (2) The cleavages are 
holoblaslic and radial. (3) Gastrulation in- 
volves invagination. (4) The blastopore has 
posterior location. (5) The coelom is deve- 
loped as the outpoekets from the archen- 
teron (cnterococlic in origin). (6) The 
larvae are free-swimming and have bila- 
terally symmetrical bodies. (7) In all 
adult Echinoderrns, adjacent to the epi- 
dermis there exists calcareous ossicles cons- 
tituting the skeleton of the body. The dis- 
position of the plates varies in different 
forms. 

These common features suggest 
the idea that all Echinoderrns have 
emerged out of a common ancestral stock 
where such structures were present. It 
is also regarded that the ancestral forms 
with bilateral symmetry, are the 
forerunners qf the group. Although 
fossils were^ quite abundant since Prc- 
cambrian ^:ime, no tangible explanation 


can be obtained regarding the ancestry of 
Echinoderrns from the palaeontological 
angle. The presence of superficial radial 
symmetry in adult Echinoderrns leads to 
many confusing issues. Because of radial 
symmetry, some Zoologists have tried to 
link them with the Coelenterates. But the 
presence of bilateral larval forms and 
underlying bilateral symmetry in some 
adult Echinoderrns suggest that they have 
arisen from bilaterally symmetrical ances- 
tor and the radial symmetry in adult is a 
secondary acquisition (Fig. 18.35). With 
all probabilities, some unknown Precam- 
brian forms with bilateral symmetry are to 
be regarded as the ancestor of Echino- 
dcrins. Heterostelea with heavy endoskele- 
tonand lack of radial symmetry represents 
the transitional stage and forms a sort of 
bridge between the bilateral ancestor and 
pcntaradiajc adult Echinoderrns. Two 
exactly opposite views exist on this particu- 
lar issue. According to the first concept 
the hypothetical ancestor is the Dipleurula 
larva but other school holds that the Pen- 
tactula larva is the ancestor. 

Dipleurula concept. The view that 
the Dipleurula larva was the hypothetical 
ancestral form of all Echinoderrns was pro- 
pounded by Bather (1900). This larval 
form has following features: (i) Bilaterally 
symmetrical body with preoral lobe, (ii) 
Absence of skeletal formations, (iii) 
Ventrally placed mouth and anus, (iv) 
Presence of three paired sacs (axocoel, 
hydrocoel and somatocoel) with two water- 
pores. It has been imagined by many 
workers that this larva holds the key of 
Echinoderm ancestry. But it was not 
possible to explain the derivation of some 
vital Echinoderm features, viz. the water 
vascular system and its development from 
the coelom. According to Bather, water 
vascular system originates as three ciliated 
grooves which become five by the subse- 
quent subdivision of the two lateral 
grooves. The available interpretations on 
the origin of the water vascular system 
are not supported by embryological data. 
Embryological studies showed that the 
water vascular system Sirose as the out- 
growths of the bocty wall in the form of 
tentacles. 

Pentactula concept. The pentactula 
concept of the Echinoderm ancestry has 
certain advantages over the dipleurula 
stage. This idea was first conceived 
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Ophiuroidea Echinoideo Holothuroidea Asteroidea 


Fig. 18.35. Showing the development of radially symmetrical adult echinodernis from 
the bilaterally symmetrical larva (after Parker and Haswell). 

Note that (i) the Ophiuroidea and Echinoidea are closely related and tii) Holothuroidea 
and Asteroidea are closely related. 

by Serrion (1888) and later developed 
by Burry (1895), Hyman (1955) and 
many others. According to them the 
Pentactula larva occupies the next evo- 
lutionary rank over the dipleurula larva. 

The pentactula larva .has five tentacles 
around the mouth and the hydrocoel 
becomes separated from the rest of the 
coelom to form the water vascular system. 

The recent inclination is to hold the view 
that the Echinoderms have descended from 
a free-swimming common ancestor, pos- 
sibly the pentactula larva, and from the 
pentactula stage onwards the divergence 
has actually started. 

As regards the interrelationships bet- 
ween the different groups of the phylum 
Echinodermata, it was suggested by early 
workers that the subphylum Eleutherozoa 
consisting of the sea-stars, sea-urchins, 
sea-cucumbers and brittle-stars has arisen 
from the subphylum Pelmatozoa which 
included the crinoicks and others. Early 
workers also suggested that the sea-stars 
and sca-cucumbers had many common 
features, specially at the larval stages. 

Both of them were held to be related to 
crinoids more closely and they had 


possibly diverged very early from the 
Pelmatozoan ancestor. On the other hand, 
ophiuroids and echinoids were regarded 
to be closely related with each other due 
to the presence of striking similarities in 
between their larval forms and also due to 
the presence of similar sterols (Bergmarm, 
1949) and creatine phosphate (Yudkin, 
1950; Florkin, 1952) in both ophiuroids 
and echinoids. Such similarities led early 
workers to establish a relationship 
between ophiuroids and echinoids and 
both were regarded to have diverged 
subsequently from the Pelmatozoan 
ancestor. Eminent palaeontologists like, 
Bather, Marcus, Mortesen held that all 
the classes of the subphylum Eleutherozoa 
arose from Edrioasteroicjea, an extinct 
group of Pelmatozoans, because of similar 
disposition of ambulacra!' pores, flexible 
theca, stalkless body a£d many other 
features. Shrock and Twchhofel suggested 
that only the holothuriaits and echinoids 
have evolved from Edrioasteroidea. 

But recent workers on other line 
have totally discarded t^e views of all 
early workers. They claimed that ophiu- 
roids and echinoids are closelyVelatcd due 
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to striking similarities between the ophiop- 
lutcus and cchinopluteus larvae and that 
asteroids and holothurians are related due 
to the presence of auricularia larva in 
both the groups (see Fig. 18.35) arc- 
shown to be in total disagreement with 
the results obtained from morpholo- 
gical and palaeontological studies. Recent 
researches show that the apparent rc- 


uroidea). It is also indicated that both 
ophiuroids and asteroids are closely 
related to each other and they have cer- 
tainly descended from common ancestors 
akin to the fossil Somasteroidea. The 
somasteroids and crinoids again had a 
common ancestry. On the other hand 
Holothuroidea and Echinoidea had a 
common ancestry. 
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UL3ti. Showing the phylogenetic relationship between different groups of cchinoderms 


(after Parker and Haswcll). 

lationship between ophiuroids and echi- 
noids in one hand and between asteroids 
and holothurians on the other arc due to 
convergent larval evolution. Modern wor- 
kers advocate that the apparent dissimi- 
larities between ophiuroids and asteroids 
are due to divergent larval evolution, hell 
showed that the cchinoderms show con- 
vergent patterns of development among 
unrelated groups (Asterozoa, Echinozoa 
and Crinozoa) and divergent patterns of 
development among related groups (Ophi- 


Tlius modern researches suggest that 
the larval a (Unities cannot act as a guide in 
establishing the phylogenetic relationships 
between different classes of surviving 
cchinoderms. Moreover, the superficial 
biochemical similarities between ophiu- 
roids and echiitoids may also be a result of 
physiological convergence for similar mode 
of living. 

The origin of and interrelationship bet- 
ween different classes of cchinoderms are 
.diown in Fig. 18.36. 


SUMMARY 


1. The cchinoderms constitute a unique group 
of invertebrates having radially symmetrical penta- 
mcrous body in an adult . The larval foims exhibit 
bilateral symmetry. The radial symmetry in adult 


is a secondary acquisition and has possibly evolved 
from bilateral ancestor. 

2. The cchinoderms have very ancient origin 
and the fossils were amply recorded since Cambrian.* 
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3. The members of the phylum arc exclusively 
marine and inhabit intertidal zones to all depths 
of the sea. They have almost a cosmopolitan 
distribution. 

4. The echinoderms are gregarious animals and 
move in groups. They are mostly free-swimming 
forms except the Grinoids which may remain 
fixed. 

5. The body is covered over by characteristic 
spines, warts or calcareous ossicles of mesodermal 
origin. 

6. The body is differentiated into oral and aboral 
surfaces. The body surface presents five radiating 
ambulacra (representing radii) with wide interven- 
ing interambulacra (representing inter-radii). 

7. The coelom is quite extensive and entero- 
coelic in origin. The coelom is tilled with a fluid 
containing various types of coelomocytcs. 

8. The alimentary canal is cither simple or a 
coiled tube and presents a number of peculiar 
features. The position of anus varies quite greatly 
in different groups of Echinoderms. The anus may 
be absent or it may be located on the oral surface 
in some forms. 

9. A characteristic coelomic derivative, water 
vascular system, is present which performs a number 
of vital functions. This system is fundamentally 
similar in all Echinoderms. The minor deviations 


observed in different groups arc the result of diff- 
erent adaptations. 

10. Presence of tube-feet or podia is a peculiar 
character and they subserve locomotion, capture 
food, help in respiration and also act as sensory 
organs. 

1 1 . There is no specialised organ for respiration. 
Respiration is performed by a variety of structures, 
viz. papulae, oral branchiae, genital bursae, res- 
piratory trees. 

12. The haemal or blood lacunar system is pre- 
sent in all echinoderms. 

13. Definite excretory organs are lacking. 

14. The nervous system is primitive and com- 
prises of circumoral nerve ring and radial nerves. 
The brain is lacking. The sense organs are very 
poorly developed. 

15. Reproduction is sexual and most of them are 
unisexual. Gonads are very simple. 

16. Fertilization is external and the development 
is accompanied by a variety of bilateral, ciliated 
and free-swimming larval forms. 

17. Echinoderms are classified into two subphyla 
and ten classes, of whic h five are extinct and five 
are living. Aftertax, Echinus, llololhuria , Ophiwa , 
Sollasina, Plarocystis , A lesocystis, Cadastar, Ante don. 
Cyst as ter, arc some of the common examples of the 
phylum. 



CHAPTER 19 


Minor Invertebrate Phyla 

Other than the ten major invertebrate phyla already described, many minor inver- 
tebrate groups have been recorded. The animals included under these groups have 
peculiar anatomical organisation and exhibit structural similarities with diverse ani- 
mals. Because of this fact, the relative biological status of these groups in the animal 
kingdom has remained ever controversial. In this chapter, a brief survey of some such 
important groups has been made (Fig. 19.1) and to avoid controversies all of them 
have been given the rank of phyla. They are broadly categorised into two groups - the 
noncoelomates and coelomatcs. 



MINOR NON-COELOMATE PHYLA 

This group includes four distinct forms 
lindoproctdy Rotifer a , Ncmatumorpha and Acan- 
thocephala , where coelom is absent. 

PHYLUM ENDOPROCTA (CALYSSOZOA) 

This group includes a number of minute 
sedcntaric animals. They are either 
solitary or colonial forms (Fig. 19.2 A). 
Superficially they resemble the Hydroidea 
and Bryozoa. Formerly this group was 
included u»der Bryozoa. But recent work- 
ers have Occluded them from Bryozoa and 


placed them under the phylum Endo- 
procta. All the forms are marine excepting 
the fresh-water form, Urnatdla. The re- 
presentatives of ibis group are Pedicellina , 
Loxosoma , Myosoma and others. 

The stalked cup-like body is called 
calyx. The calyx bears 'circlet of tentacles 
at the free edge. # The cavity of the cup 
is called vestibule and* it contains both 
mouth and anus. The N alimentary canal is 
curved to form a U-shaped tube (Fig. 
19.2B). The space between the body wall 
and the alimentary canal is filled up with 
633 
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parenchyma. The excretory system con- 
sists of a pair of excretory organs which 
arc ciliated intracellular tubes. Each ex- 
cretory tube begins with a flame cell. The 
two excretory tubes may open separately 
or may unite to form a common duct 


tentacle 



Fig. 19.2. Structures of Pedicellina. A. Part of 
a colony. B. Enlarged sectional view (saggitnl 
section) of a calyx. 


opening into the cloaca. The nervous 
system is represented by a suboesophageal 
ganglion which is bilobed in Ijjxosoma. 
The sexes may be united or separate. In 
the solitary form ( Loxosorna ), the body is 
divided into a calyx and a stalk which pos- 
sesses foot-gland af the base. In the colonial 
forms {Pedicellina and Urnatella) the body 
of each zooid is separated from the stalk 
by a diaphragm . Asexual reproduction 
occurs by budding from any part of the 
body and the buds remain attached to the 
parent which leads into colony formation. 


The development is indirect. The larva 
is ciliated and free-swimming. After a brief 
free-swimming phase the larva attaches 
itself to the free surface of other animals 
and transforms into adult. 

PHYLUM ROTIFERA 

The members of this phylum are micros- 
copic animals, commonly called the 
'wheel-animalcules’. The name of the 
Phylum Rotifera came from two latin 
words, rota —wheel and ferre to bear. 
The biological status of rotifers was long 
a debated issue. They were grouped 
with the ciliated protozoa for long times, 
but closer examination revealed their meta- 
zoan organisation. They are virtually the 
smallest metazoa and include a large 
number of species. Although different in 
minute details, all of them are built on the 
same fundamental plan. The descriptive 
account of a typical genus, B radii onus is 
outlined below. 

Example ot the Phylum Rotifera— 

BRA Cl 1 1 ON US 

Habit and Habitat 

Brachionus is a fresh-water inhabitant, 
and feeds on microscopic organisms 
brought by ciliary action. 

External structures 

Brachionus exhibits distinct sexual dimor- 
phism. The females are well-formed and 
are larger in size in comparison to their 
male counterparts (Fig. 19.3 A, B). The 
male is different from female in having a 
number of peculiar features. It is a minute 
degenerate form where the alimentary 
canal is lacking. All other organs, excepting 
the reproductive organs, arc greatly reduc- 
ed. The trochal disc is simple in males. 
The following description implies to a 
female Brachionus. 

The body is divisible ip to trunk and tail 
or foot. The trunk is encased in a transpa- 
rent flexible lorica which $s provided with 
spines. The tail is wrinkleCl and terminates 
into two small processes, llloutli is situated 
on the ventral side of (the trunk. The 
dorsal side is convex. The anterior 
end of the body projects out as 
trochal disc which is a transverse disc-like 
body beset with cilia in the margin. The 
trochal disc helps in locomotion by rotation. 
A pair of cement glands are present in the 
tail. The secretion of the cement glands 
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enables the animal to attach to the sub- 
stratum temporarily. It has a remarkable 
power to survive desiccation. 

Body wall and body cavity 

The body wall is composed of a cuticle , 
epidermis and subepidermal muscles. The epi- 
dermis is syncitial and contains very few 
gland cells. The body cavity is a pseudocoel. 

Digestive system 

The food of Brachionus includes 
minute organisms (specially protozoans) 
and organic debris which are brought into 
the mouth by ciliary action. The mouth is 
situated in a depression on one side of the 
trochal disc. The mouth leads into a very 
short buccal cavity. The buccal cavity opens 
into a round muscular chamber called the 
pharynx and mastax . The mastax is a compli- 
cated structure which varies in shape and 


size. Several types of mastax are en- 
countered in rotifers, but the* particular 
type of mastax present in Brachionus is 
of malleate type . The mastax is a peculiar 
apparatus characteristic of the rotifers. 
It is composed of masticatory parts ( trophi ) 
and musculature. 

Typically the trophi consists of two 
chief components: (A) Incus and (B) Mal- 
leus. The incus is again made up of a single 
basal piece called fulcrum and two lateral 
triangular pieces called rami. The malleus 
is composed of two toothed pieces of unci 
and two pieces of elongated hammer-like 
manubria . These different components are 
operated by sets of well-developed muscles. 
About 2-7 salivary glands are situated in 
the mastax wall and the ducts, specially 
of the ventral pairs, open anterior to the 
trophi. 
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Due to different feeding adaptations, 
the mast&x becomes modified in differ- 
ent species. The varieties of mastax 
found in different rotifers have great 
taxonomic significance, because they arc 
regarded as the criteria for classification. 
Of the types of mastax, the most impor- 
tant ones are: I. Malleate type. This type 
of mastax is found in Brachionus , Epiphanes 
(Fig. 19.3C). This type represents the 
primitive condition and all the compo- 
nents in it are relatively short and strongly 
built. The rami are devoid of teeth but the 
unci bear a few prong-like teeth. It assists 
in grasping as well as in chewing the prey. 
II. Forcipate type. This type is found in 
Dicranophorus (Fig. 19. 3D). All the pieces 
are elongated and slender. The rami are 
curved and toothed. The rami and the 
fulcrum together form a forceps-like 
structure, 'l’lic sharply pointed tips of 
the rami are intimately associated with 
the rod-like pointed unci. The forcipate 
type of mastax can protrude through the 
mouth to grasp the prey. Other than these 
two major forms, there are many other 
varieties, namely submalleate , virgaie , car dale , 
incudate , ramate , uncinate and Jul crate types. 

The pharynx of Brachionus is connected 
with spacious thick-wallcd sac-like stomach 
by a short oesophagus. A pair of digestive 
glands are associated with the anterior end 
of the stomach. From the stomach a short 
intestine emerges which passes into an oval 
cloaca . The cloaca communicates to the 
exterior through the cloacal aperture. This 
aperture is located mid-dorsally towards 
the posterior cud. The inner wall of the 
stomach and intestine is ciliated. 

Circulatory system 

Brachionus lacks a definite circulatory 
system. 

Excretory system . 

The excretory system comprises of a pair 
of nephridial tubes or excretory canals which 
open posteriorly into a contractile vesicle or 
urinary bladder . The excretory canals are 
situated one on each side of the alimentary 
canal. The contractile vesicle opens into 
the cloaca . The cavity of the nephridial 
tubes is intracellular iq nature. 

Nervous system 

The nervous system consists of large 
bilobed ganglion {Brain) situated on 
the dorsal side of the body above the 


pharynx. From the brain, many nerves 
emerge out to supply the various organs of 
the body including the sense organs. 

Sense organs 

Chief sense organs are present in the 
forms of very small eye-spots or ocelli on the 
dorsal aspect of the brain. The other sense 
organs are one dorsal and two lateral 
tactile rods or feelers. 

Reproductive system 

The sexes are separate and the sexual 
dimorphism is well-marked. The female is 
comparatively larger than the male. The 
female reproductive system consists of an 
ovary which is communicated to the cloaca 
by an oviduct. The. ovary is also designated 
as the germarium and is connected with a 
large i >i tellurium. Three types of eggs are 
produced. These are: (a) female-producing 
‘summer eggs’, (/;) male-producing ‘sum- 
mer eggs’ and (c) ‘winter eggs’ — which 
have impervious resistant shell. Both the 
‘summer eggs’ develop parthenogeniti- 
cally and the ‘winter eggs’ after fertiliza- 
tion, develop into females. The male 
reproductive system consists of a very 
large testis which leads into a duct opening 
into a dorsally placed penis. 

Development 

The zygote divides into micromcrcs and 
macromercs by unequal holoblastic cleav- 
age. Gastrulation occurs in cpibolic 
fashion. The embryo transforms directly 
into adult. 

CLASSIFICATION 

The rotifers are divided into four orders: 
Order Ploima 

The tail is usually forked and retractile. 
The ciliated disc acts as locomotor 
organ. The lorica may he present or not. 
Examples: Polyarthra , Iljdalina , Brachionus , 
Pe da lion. 

Order Bdelloida 

The cilia of the disc hilp in locomotion 
and the tail is very srhall and forked. 
Rotifer and Pkiloditia are the examples. 

Order Rhizota 

The tail is non-retractile and truncated. 
It helps in fixing with the substratum in 
adult. The typical representatives are 
Melicerta and Strephanoceros. 
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Order Seisonida 

The example of the order is Paraseison. 
It is a parasitic form with reduced trochal 
disc. An elongated foot with a perforated 
disc is present. The body is slender and 
ringed. 

HISTORY 

Leeuwenhoek (1703; first discovered 
rotifers with his newly invented micros- 
copes. Linnaeus and Lamarck regarded 
rotifers as protozoa. But recent workers like 
Remane and Mayers placed the rotifers 
under a separate and independent phylum. 


PHYLUM NEMATOMORPHA 

This group includes a number of thread- 
like elongated animals belonging to two 
families: the Nectonernatidae and the Gordii - 
dae. They are free-living in sexual phase 
and are parasitic in asexual stage in the 
body cavity of Arthropods. 

The family Gordii due is exemplified by 
Gordius d ig. 19.4A). It is a fresh-water or 
terrestrial form. The outer surface of the 
body is covered with a cuticle ("Fig. 19.4B). 
The muscles are made up of cpilhelio-muscu- 
lar cells. The body encloses four canal-like 



AFFINITIES 

Since their discovery, rotifers have a 
very uncertain systematic status. Rotifers 
exhibit superficial similarities with main 
invertebrate groups, namely Arthropoda, 
Annelida, Platyhehninthes and Nemathel- 
minthes. The anndidan relationship of 
rotifers as advocated by Hatschek (1878'; 
is based on structural resemblance between 
Trochophore larva of annelids and a 
peculiar rotifer, I radios phaera. But recent- 
ly, such similarities are regarded as a rase 
of coincidence without having any phylo- 
genetic significance. Rotifers exhibit many 
structural resemblances with Platyhel- 
minthes. But following peculiarities of 
Rotifers, like absence of anus (in male), 
presence of continuous subepidermal mus- 
cle and epidermal nerve plexus, etc. do not 
justify the relationship. Considering all 
these feature^ fotifm are given the status 
of a phyluxnftander non-coelomate metazoa. 


cavities one mid-dorsal, one mid-ventral 
and two lateral in position. These 
cavities are separated bv parenchymatous 
partitions. The alimentary canal is 
placed in the mid-ventral canal and the 
lateral cavities contain reproductive appa- 
ratus. The nervous system is represented 
by a greatly thickened pharyngeal nerve ring 
which is continued posteriorly as a ventral 
nerve cord. 'The excretory organs art 4 absent 
and the sexes are separate. Complete 
degeneration of th*. alimentary canal is 
^countered in the sexual stage. 

The family Nectonernatidae is represent- 
ed by the genus Xectonema which is cons- 
tructed on the same structural plan as 
Gordius , but differs jn minute details. In 
JSfecionema two rows of bristles are present 
on the side of the body. The reproductive 
apparatus is simpler than that of Gordius 
and the ovary is unsegmented. Nectonema 
is marine. 
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PHYLUM ACANTHOCEPHALA 

This phylum includes a large number of 
parasitic worms. The most typical forms 
are Acanthocephalus , Neoechinorhynchus , Giga - 
ntorhynchus. They are parasites in the 
intestine of different vertebrates ranging 
from fish to mammals. The anterior end 
of the cylindrical body is produced into an 
extensible proboscis beset with rows of 
numerous chitinous recurved hooks (Fig. 
19.5). Two club-shaped structures called 



Fig. 19.5. Structures of Acanthocephalus, showing 
the disposition of internal organs. A. Male. B. 
Female. 


lemnisci are hanging at the sides of the 
proboscis. A distinct neck between the pro- 
boscis and the trunk is present in certain 
forms. There is no aperture in the body 
excepting the gonopore ,at the posterior end 
of the body. The alimentary canal is 
totally absent. Two longitudinal vessels are 
resent in the body wall which probably 
elp in absorption and distribution of 
nutrition. A single large nerve ganglion is 


situated at the base of the proboscis . Sense 
organs are lacking. The reproductive 
organs occupy almost whole of the body 
cavity. A pair of excretory organs is 
present in the posterior side of the body 
cavity. Single median excretory duct opens 
into the oviduct in the female and into the 
ejaculatory duct in the male. 

The sexes are separate. There are two 
oval testes which remain connected with 
a suspensory ligament. Similarly ovary 
is also connected with the suspensory liga- 
ment. A group of mature ova remain free 
in the body cavity. 

The early phase of development take* 
place in the body cavity. The embryo is 
encased within a sac and the anterior end 
is provided with hooks. At this stage the 
embryo is extruded from the intestine o 
the host along with the faeces. Furthei 
development is only possible if the embry< 
is swallowed by an intermediate host 
The intermediate host in all the form: 
are some Arthropods. After reaching int( 
the intestine of the intermediate host, tin 
chitinous membranes dissolve and th< 
embryo undergoes further development 
The embryo either remains fixed to th< 
intestinal wall or passes out through tin 
intestinal wall and migrates into the bod> 
cavity. If the intermediate host is taker 
by the permanent host, attainment o 
adult size and sexual maturity an 
achieved. 

CLASSIFICATION 

The phylum Aeanthocephala is divider 
into three orders: A rch iacan thoceph ala, Palae 
aeanthocephala and Eocanthocephala. 

Ord er A rchiacanlhocephala 

The spines on the proboscis are concen 
trically arranged. Protoncphridia are pre 
sent. Examples: Gigariforhynchus , Macra 
canthorhynchus. \ 

\ 

Order PalaeacanthocephalQ 

The spines are alternately arranged oj 
proboscis, Protonephridja are lacking. Ex 
am pies : Acanthocephalus , Polymorphic. 

Order Eocanthocephala 

The spines are radially arranged. Pro 
tonephridia are absent. EJifamples: Neo 
echinorhynchus , Octospinifer . 
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MINOR COELOMATE PHYLA 

The coelomate members belonging to 
this group are either Enterocoelous or Lopho- 
phorate. 

THE ENTEROCOELOUS COELOMATES 

The Chaetognatha and Pogonophora 
are the groups which possess fcatuies of 
enterocoelous coclomatcs but at the same 
time exhibit peculiar features of their own. 

PHYLUM CHAETOGNATHA 

Chaetognatha constitutes a group of 
bilaterally symmetrical pelagic animals 
commonly called ‘arrow worms or 
glass worms 5 , They have elongated slen- 
der bodies and the length usually varies 
from 40 mm to 100 mm. The chaelognaihs 
form a very small group consisting of six 
genera such as Sagitla , Spade l la, Pterosagitta , 
Bathyspadella , Krohnitiella and Eukhrohnia . 
All the genera have similar structural 
organisation and the typical genus, Sagitla 
is described bc.ow to provide an idea of 
the group. 

Example of t he Phylum Cmaetoonatiia 

SAGITTA 

Sagitla is the principal genus of the 
phylum Chaetognatha. It has almost a 
cosmopolitan distribution. 

Habit and Habitat 

Sagitta is a marine planktonic animal 
which lives throughout the world. It can 
swim very slowly and most of the time it 
floats on the surface of the sea. The fins 
help in floatation. Sagitta is a predaceous 
form and captures small planktonic 
animals as food by head armature. It 
takes food mostly at night:. Sagitta 
exhibits diurnal migration. It comes to 
the surface at niglu and descends down 
during daytime. This migration results 
possibly as a reaction to light or tempera- 
ture. 

External structures 

Sagitta has an elongated torpedo-like, 
bilaterally symmetrical body (Fig. 19.6A). 
The body is divisible into three parts - 
head s trunk and tail. The head is more or 
less triangular in outline and is separated 
from the trunk externally by a constricted 
region called neck and internally by a 
coclomic septum. The head bears four rows 


of teeth, one pair of anterior teeth and an- 
other pair of posterior teeth . These? teeth help 
in food capture. Posterior to the teeth on 
the dorsal side of the head, there exists a pair 


mouth 



Pig. 19. G. A. Ventral view of an entire Sagitta. 
B. Transverse section of Sagitta passing through 
trunk region. 

of vestibular organs and a glandular depres- 
sion called vestibular pit behind the vesti- 
bular organs. A pair of pigmented eye spots 
are present on the dorsal surface of the head. 
There is a depression at the centre of the 
ventral side of the head called vestibule 
which leads into a longitudinal slit called 
mouth . On the lateral side of the mouth 
there are 4-14 grasping spines {seizing jaws or 
prehensile spines). These are operated by 
powerful muscles fjnd help in the cap- 
ture of prey. The head is Covered overby a 
hood on the dorsal side. This hood is fin- 
like extension of the body with coelomic 
cavities. The hood is attached vcntrally 
near the neck region. The hood forms a 
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protective device over the food-catching 
apparatus. The trunk is slightly broader 
towards the middle region and is provided 
with two pairs of lateral Jins. The fins are 
thin and transparent extension of epidermis 
of the body wall. The fins are devoid of 
muscles and act as the floating organ. The 
trunk is internally demarcated from the 
tail by a coelomic septum behind the anus. 
The tail is provided with a caudal jin. 

Body wall 

The body wall is composed of an outer 
epidermis which secretes a thin cuticle (Fig. 
19.5B). The epidermis consists of epider- 
mal cells, the shapes of which may vary at 
different regions. In Sagitta, a peculiar 
structure, called corona ciliata or ciliary loop 
is present at the anterior end as a dorsal 
strip of modified epidermis. It forms a ridge 
over the epidermis proper where two or 
three rows of cells bear long fine cilia. Ben- 
eath the epidermis, a thin basement membrane 
exists upon which the epidermis rests. The 
body wall musculature consists of strait- 
ed muscle layer which forms two dorso- 
lateral muscular bands, in the head region, 
transverse as well as oblique muscles are 
also present. The histological organisation 
of the muscle resembles closely with the* 
muscles of the nematodes. 

Coelom 

The nature of the coelom is not properly 
known in Sagitta, although a distinct 
space is present between the body wall and 
the alimentary tube. In the embryonic 
stage, coelom develops by cntcrocoelous 
method but its subsequent development is 
stopped at later stages. As a conse- 
quence, the homology of the adult coelom 
remains disputed. The head coelom is 
separated from the trunk coelom by a 
coelomic septum and the trunk coelom is 
also demarcated from the tail coelom by a 
similar coelomic partition. Both the trunk 
and tail coeloms are subdivided by dorsal 
and ventral mesenteries. In this genus the 
tail coelom is further subdivided by lateral 
mesenteries. In Sagitta. the coelom lacks 
the peritoneal lining. 

The coelomic fluid is colourless. It lacks 
definite cells, but minute floating granules 
are present. 

Digestive system 

The digestive tract of Sagitta is a straight 
tube running between the mouth and anus. 


As described earlier, the mouth is situated 
at the ventral side of the head and is pro* 
vided with grasping teeth acting as 
jaws. The mouth leads into a muscular 
pharynx which becomes dilated posteriorly 
as pharyngeal bulb. The pharynx is lined by 
granular secretory cells, but in the pharyn- 
geal bull) the cells have compound granu- 
les. True stomach is absent. The pharynx 
passes down to the straight intestine . The in- 
testine, just near its commencement, gives 
off a pair of diverticula on the lateral sides. 
The intestine terminates into the anus 
situated at the junction of trunk and tail. 

Circulatory, respiratory and excre- 
tory systems 

In Sagitta, there is no trace of three 
systems, such as, circulatory, respiratory 
and excretory systems. With all possibili- 
ties, the coelomic fluid plays the physiolo- 
gical role of circulation, respiration and 
excretion. 

Nervous system 

The nervous system is fairly developed 
in Sagitta. It consists of a large cerebral 
ganglion or brain on the dorsal side of the 
pharynx and an elongated subenteric or 
ventral ganglion beneath the pharynx. Both 
the ganglia are connected by circumenteric 

connectives . Two pairs oF-ganglia one pair 

of vestibular ganglia and another pair of 
pharyngeal ganglia are connected with the 
brain. From these ganglia nerves spread 
out to the various parts of the body. 

Sense organs 

The organs of special senses are present 
in Sagitta. The sense organs are: (1) Sensory 
bristles. Longitudinal rows of elongated 
cells with delicate bristles are regarded as 
tactile organs. (2) Ciliated loop. The ciliated 
loop , as described earlier, with all probabi- 
lities, acts as chemoreceplor. (3) Eyes. Two 
eyes are present on the dorsal side of the 
head. Each eye has five closely applied 
pigment-cup ocxlli. 

Reproductive system { 

Like all other ChactQgnaths, Sagitta is 
bisexual. The ovaries anti testes arc paired 
structures. The ovaries are elongated solid 
bodies situated in the posterior part of 
the trunk coelom just in front of the trunk- 
tail coelomic septum and remain attached 
with the body wall by mi^entery. The 
oviduct is very peculiar in having two tubes 
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—-one tube within another. The inner tube 
has a syncytial wall and it becomes expand- 
ed posteriorly to form seminal receptacle. The 
wail of the oviduct proper, i.e. the outer 
tube is composed of columnar or cuboidal 
epithelium. The transportation of the egg 
from the ovary to the oviduct is very pecu- 
liar in Sagitta. At the time of maturity of 
each egg, two cells from the inner tube of 
the oviduct move and make an attachment 
stalk for the egg. This attachment stalk 
becomes subsequently hollow to form a 
narrow canal through which spermatozoa 
from the seminal receptacle migrate and 
fertilize the egg. 

The testes arc located in the tail coelom 
just posterior to the trunk-tail coclomic 
partition. At the time of sexual maturity, 
clusters of spermatogonia become detached 
from the testes into the tail coelom where 
spermatogenesis occurs. The vas deferens 
has a funnel-like coelomic opening called 
coelomostorne and the other end dilates 
to form vesica 1 ? seminalis. There is no 
permanent male gonopore, the filiform 
sperms escape by rupturing the body wall. 

Development 

Fertilization is internal. In Sagitta, self- 
fertilization is the rule, but in other Chae- 
tognaths cross-fertilization occurs. The 
egg contains little quantity of yolk material. 
The egg undergoes holoblastic or equal 
cleavage and a cocloblastula is formed. 
The cocloblastula eventually gastrulatcs 
in embolic fashion. The most significant 
event in the development of Sagitta is the 
precocious differentiation of primordial 
germ cells. The embryo becomes elongated 
and hatches out of the egg shell as a minia- 
ture animal. Thus, in Sagitta the develop- 
ment is direct. 

HISTORY 

Slabber, in the year 17(39, was the first 
worker to record Sagitta and he placed it 
in the order Intcstina under phylum Vermis. 
Since then extensive works on various 
aspects of Sagitta have been performed by 
a host of workers. It was Leuckart (1854) 
who was the pioneer to create a separate 
group, Chaetognathi for Sagitta. Both 
Leuckart and Gegcnbaur (1854) placed 
Chaetognathi between Nematodes and 
Annelids. Butschli (1910) placed the 
Chaetognathi along with Ectoprocta, 
Phoromda^iJrachiopoda and others under 
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the subphylum Oligomera. This subphy- 
lum was in turn placed under phylum 
Vermis. Up to the present day the 
relationships of Chaetognathi remain 
controversial. So a separate phylum is 
created to accommodate the different 
Chactognaths. The original spelling of 
the phylum ‘Chaetognathi’ by Leuckart 
is slightly modified as phylum Chaeto- 
gnatha. 

Besides those authors, the contributions 
made bv Kowalevsky (1870). Hcrtwig 
(1880), Grassi (1883;, Courret (1884), 
Doncaster (1902), Gunther (1819), Bur- 
field (1927), etc. are of considered valuable. 

AFFINITIES 

The Chactognaths were first discovered 
by Slabber in 1769. But uptil now the 
systematic position of Chaetognaths 
remains problematic. Because of struc- 
tural resemblances with different inverte- 
brates, they were included under Mollusca, 
Annelida, Ncrnathelminthes, Arthropoda 
and sonic cnterocoelous forms. The rela- 
tionship of Chactognaths with Molluscs, 
Annelida and Arthropods becomes extre- 
mely difficult to establish. All the similari- 
ties are superficial in nature and have no 
specific ph\!ogcnetic significance. 

Relationship with Nematodes 

The anatomical organisation of the 
Chaetognaths exhibits structural similari- 
ties with pseudocoelornate forms, specially 
the Nematodes. Some such similar features 
arc mentioned below : (T» The fins of Chae- 
tognaths can be compared with the alae 
of nematodes. (2 ) Presence of ganglionatcd 
circumcnteric nerve ring in both. (3) The 
muscular pharyngeal bulb of Chaetognaths 
resembles closely to that of Nematodes. 
(4) Restriction of the body wall muscu- 
lature into four longitudinal muscle 
bands in Chaetognaths resemble that of 
Nematodes. (5) Similar histological cons- 
truction of muscles in both. (6) The 
adhesive bristles in the head of some 
marine Nematodes correspond to the 
grasping spines of Ghaetcignaths. 

Despite these similarities in adult 
condition, the embryologioal stages offer 
wide diversities, particularly in the deve- 
lopment of coelom. The enterococlous 
development of coelom in Chaetognaths 
stands as a strong barrier to establish the 
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nematode affinity, although it has been 
advocated by Schneider (1866) and Mets- 
chnikov (1867). 

Relationship with Brachiopoda 

Many authors, specially Lamecrc (1931) 
tried to relate Chactognaths with the 
Brachiopods. Lameere advances the fol- 
lowing arguments to support his conten- 
tion : 

(1) The grasping spines of Ghaetog- 
naths are comparable to the lopho- 
phore of Brachiopoda. (2) Existence of few 
similarities in embryonic development. But 
the above points are not sufficiently con- 
vincing to establish such a relationship. 
The point of grasping spines seems rather 
superficial in nature. The development of 
coelom also offers points of difference. In 
Brachiopoda the coelom develops in four 
different parts of the body. So none of these 
two points are sufficient enough to establish 
relationship with Brachiopoda. 

Relationship with Echinodermata and Hemi- 

chordata 

The cnterocoelous formation of coelom 
in the embryonic stage of Chactognaths 
led many zoologists to establish the phylo- 
genetic relationship with the Echinoder- 
mata and Hemichordata. But the mode of 
formation of coelom is different in these 
groups. In Chactognaths coelom develops 
as folds of the archenteron, but in Echino- 
dcrms and Hcmichordates it develops as 
outpouching of archenteron. Echinodcrms 
and Hcmichordates have free-swimming 
larval forms, but in Chactognaths, deve- 
lopment is direct, i.e. larval form is absent. 
The primary division of coelom is also 
different in them. For this reason the affi- 
nities of Ghaetognaths with Echinodcrms 
and Hcmichordates cannot be established. 

Chactognaths are peculiar in having 
close structural resemblances with the 
pseudocoelomates (represented by Nema- 
todes) in the adult stages and with the 
cnterocoelous coclomates the Echino- 
derms and Hemichordates in the em- 
bryonic development. Such dual affi- 
nities, become 'difficult to correlate the 
Ghaetognaths with any invertebrate group. 
Ghaetognaths are regarded as primitive 
‘protocoelomates’ and as a blind side 
branch from the hypothetical ancestral 
protocodomate which gave origin to the 
surviving Bilateria, as represented today 


by Ctenophores. Because of peculiar ana- 
tomical organisation, Ghaetognaths cons- 
titute an isolated group and occupy an 
independent status as phylum. Ghaetogna- 
ths are more related to the enterocoelous 
forms than any other existing groups in 
having cnterocoelous development of coe- 
lom. The modern inclination is to accept 
the view of MacBride (1914) that the 
Ghaetognaths diverged from the ancestral 
form, which gave rise to all the modern 
Bilateria. 

PHYLUM POGONOPHORA 

The Pogonophora (Gr. Pagan beard) 
is a very recently established group of 
animals. The members of this phylum 
arc commonly called ‘beard- worms’. 
It is a very small group and is constituted 
of nine genera and about twenty-two spe- 
cies. All of them have similar structural 
construction and a typical representative, 
Lamellisabella , has been described here to 
get an idea of the group. 

Example of tiif Phylum Pogonophora 
LAMELLISABELLA 

Habit and Habitat 

Like all other Pogo nop bores, Lamcllisa- 
bulla is exclusively marine and benthoriic 
creature. 'They are sedentary, tubicolous 
and free-living animals. The exact mode 
of nutrition is not known and the digestive 
tract is wanting. 

External structures 

Lamellisabella has an elongated slender 
worm-like cylindrical body ranging from 
50-350 mm in length and 0*5 to 2*5 rnm 
in diameter. This animal has a crown of 
tentacles and it bears a superficial resem- 
blance with an Annelid, Sab ell a. Such 
resemblance has given rise to the name for 
the genus Lamellisabella . Each worm lives 
in a chi ti nous tube formed by its own 
secretion. The tube is composed of linearly 
arranged funnel-like pieces (Fig. 19. 7A). 
The tubes are closely fitted separate units 
and have erect position! 

The body is differentiated into two 
regions— protomesosome and metasome . The 
protomesosome is formed by the fusion of 
protosome and mesosome. The mesosome 
and metasome are internally separated 
by a septum. The anterior end of the pro- 
tomesosome bears circlet oZ tentacles vary- 
ing From 18 to 31 in number (Fig. 19.7B). 
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The tentacles are fused at the basal ends 
so as to form a sort of cylinder. Formation 
of this cylinder is a characteristic feature 
of this genus. The tentacles are hollow and 
are provided with pinnules. The pinnules of 
the tentacles form a food -catching net 
in the cylinder. The mctasoine is long 
and slender and is provided with rows 
of adhesive papillae for anchorage in 
the tube. The papillae are provided 
with minute hard horseshoe-shaped struc- 
tures. Two oblique adjacent ridges called 
belts divide the trunk into prcannular and 
postannular regions. 

Body wall 

The body wall comprises of an epidermis. 
The epidermis is lined by cuticle on the 
outer side while a muscular layer is present 
on the inner side. The epidermis proper 
is composed of columnar and gland cells. 
The muscular layer is differentiated into a 
thin circular muscle layer and a thick 
longitudinal muHe layer. 

Coelom 

The coelom is not lined by peritoneum. 
The coelom forms paired compartments in 
protornesosome and metasome. 

Digestive system 

The absence of alimentary system has 
raised doubt about the mechanism of 
nutrition. The cylindrical space formed by 
the fusion of basal ends of the tentacles 
together with the pinnules form a food- 
catching net which play the main role in 
nutrition. It is supposed that the ciliary 
tracts in the pinnules produce water current 
which carries micro-organisms. These mi- 
cro-organisms are entangled in the food- 
catching net. The digestion and absorp- 
tion of food also occur within the net. 
Thus it exhibits a peculiar instance where 
the food is digested outside the alimentary 
canal. 

Circulatory system 

The circulatory system is comparatively 
well-formed and is of closed type. It con- 
sists of one mid-dorsal , one mid-ventral and 
two pairs of lateral vessels in the trunk 
region. The mid-ventral vessel in proto- 
some becomes enlarged into a muscular 
heart . The pericardial sac is absent in this 
genus. The blood, which does not contain 
any cell, circulates posteriorly through 
dorsal vessel 8nd anteriorly through ventral 


vessel. Each tentacle is provided with one 
afferent and one efferent vessel . These vessels 
form a loop in the pinnules. 

Respiratory system 

No definite respiratory organ is present 
in Lamcllisabella. The tentacles serve as 
the respiratory organs. The body of the 
worm is protruded anteriorly from the tube 
for the purpose of gaseous exchange. 

Excretory system 

The excretory system includes two 
nephridia (modified coelomoducts). The 
nephridia are situated in the cavity of the 
protornesosome. Each nephridium is a 
sacciform structure which opens to the 
exterior through the nephridioporc (Fig. 
19.7G). The nephroslome is absent. The 
excretory materials are accumulated by 
the ncphrocytes in the coelom ic fluid. 



Fig. 19,7. Structural organisation of LameUisabella, 
A. A tube. B. Ventral view of an entire animal. 
G. A nephridium. 
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Nervous system 

The nervous system is very primitive in 
nature and is intra-epidermal in position. 
It is composed of a ganglionic enlargement 
in the cephalic lobe of protomesosome. This 
ganglionic enlargement gives nerve supply 
to the tentacles and a single mid-dorsal 
nerve cord emerges posteriorly. 

Reproductive system 

The sexes are separate. The male and 
female can be distinguished by the position 
of the gonopores. The male gonoporcs are 
situated behind the protomesosomc-meta- 
some septum and the female gonopores are 
located at the middle region of the meta- 
some. The gonads are elongated paired 
bodies situated in the mctasomc. 

Development 

The eggs* are large and yolky. Fertiliza- 
tion is external. The cleavage is holoblastic 
and results in the formation of a large 
number of blastomcres. The embryo is 
bilaterally symmetrical and fusiform in 
shape. A rudiment of archcnteron is formed 
in the embryonic stage, but it degenerates 
subsequently. The coelom is cnterococlous 
in origin. r lhe embryo is transformed into 
an elongated larva which, after a brief free 
existence, transforms into adult. 


CLASSIFICATION 

The pogonophores arc classified under 
two orders: Athecanephria and Thecane- 
phria. 

Order Athecanephria . The tentacles are 
free. The protosome and mesosome are 
distinct. Ventral adhesive papillae arc 
lacking from the posterior part of the trunk. 
Nephridiopores are laterally placed. Peri- 
cardial sacs are present, e.g. Siboglinum , 
Oligobrachia , Birsteinia. 

Order Theoanephria , e.g. Ljimellisabella , Spi- 
rabrachia , Heptabrachia , Polybrachia , Gala- 
thealinum , Galathea. 

In most of tfie cases the tentacles are 
fused at their basal ends. The protosome 
and mesosome are mostly combined to 
form the protomesosome. Ventral adhesive 
papillae are present in the posterior part 
of the trunk. Nephridiopores are medially 
placed. Pericardial sacs are absent. 


HISTORY 

The first species of Pogonophore was 
collected in Indonesia in the year 1900 . 
Uschakov, a Russian Biologist in the year 
1933, collected some specimens from the 
depth of 3500 metres in Okhotsk sea. 
Uschakov described the animals and placed 
them in the family Sabillidae under the 
phylum Annelida. But Johan nson ( 1939 ) 
pointed out the difficulties to place them 
under Annelida and created a new group 
Pogonofora (correctly spelt now as Pogono- 
phora). Rcisinger (1938) and Ulrich 
(1949) considered Pogonophora as a sepa- 
rate phylum and placed it between Lopho- 
phorates and llemichordatcs. Ivanov 
(1955) proposed the name Brachiata for 
the phylum, but the term Pogonophora 
has been retained. 

AFFINITIES 

The systematic status of Pogonophora is 
still disputed. However, on the basis of 
some similarities such as (i) retention of 
blastopore, (ii) cnterococlous development 
of coelom and (iii) division of coelom into 
protococl, mesocoel and metacocl, it has 
been suggested by many that the pogono- 
phores may be related to other entero- 
coelous coclomates (Deutei ostomia) - the 
Echinoderrnata and Chordata. The rela- 
tionship between Pogonophora and Hemi- 
chordatcs is quite striking. 

Relationship between Pogonophora and 

Hcmichordata 

The Pogonophora and Hcmichordata 
show many points of resemblances. These 
are: (1) undivided protococl with a pair 
of coelomoducts and external apertures, 
(2) similar pericardial sac, (3) a septum 
dividing mesocoel and metacocl, (4) gonad 
situated in the trunk, (5) intra-epidermal 
nervous system and (6) absence of no 
peritoneal lining in the coelom. 

But there are many points of dissimi- 
larities between these [two groups which 
make it difficult to ilraw the affinities 
between them. They! are: (1) lack of 
adhesive papillae in Hemichordata, (2) 
absence of gill-slits in* Pogonophora, (3) 
localisation of nervous mass in the proto- 
some in Pogonophora and in mesosome in 
Hemichordata, (4) position of heart is 
ventral in Pogonophora*, and dorsal in 
Hemichordata, (5) different position of 
gonoporcs and (6) lack <5F homology 
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between the tentacular apparatus of the 
two groups. 

Pogonophora exhibits close similarities 
with Hemichordata but because of the 
differences discussed above it will be diffi- 
cult to include them under Hemichordata. 
However, it may be suggested that the 
similarities between Pogonophores and 
hemichordates are due to remote phylo- 
genetic connection. From the above dis- 
cussion, it is convenient to place the pogo- 
nophores under a separate and indepen- 
dent phylum— Pogonophora. The phylum 
forms a distinct metazoan group with 
peculiar individual characteristics like the 
absence of alimentary canal. 

THE LOPHOPHORATE COELO- 
MATE PHYLA 

The Phoronids, Brachipods and Ecto- 
procts arc generally called lophophoratc 
coclomates, as they possess many 
common features, viz. lophophore, tro- 
chopliore type v f larval form and similar 
division of coelom. The points of resem- 
blance are so profound that many authors 
grouped them under one phylum. But 
closer examination reveals that they have 
many indi\ idual characteristics which are 
difficult to interpret e. In our present dis- 
cussion, the three groups are dealt under 
separate phyla. 

PHYLUM PHORONIDA 

The biological status of Phoronida in 
the animal kingdom is uncertain. Because 
of its peculiar anatomical organisation 
and structural resemblances with many 
other groups, the phoronids have been 
the subject matter for various discussions. 
Some recent authors like Hyman (1959), 
tried to give Phoronids the status of a 
separate phylum. The Phoronida has 
two genera under it. The genera are, 
Phoronis and Phoronopsis . There are about 
15 species under each genera. Before going 
to discuss on that particular issue, a 
typical representative of the phylum, Pho- 
ronis is described below. This genus has 
several species and all of them have slender, 
and vermiform bodies inhabiting in secre- 
ted tubes. 

Example of the Phylum Phoronida— 

PHORONIS 

Habit and Habitat 

Phoronis jg exclusively a marine animal 
and lives in sandy bottom in shallow seas. 


In the adult stage, it is sedentary and 
becomes enclosed by a membranous or 
leathery tube, within which the animal is 
capable of being retracted. The tube is 
formed from the secretion of the animal. 
Particles of foreign matters, such as, sand 
grains, sponge spicules, shells adhere to the 
tubes (Fig. 19.8A). Phoronis ovalis has the 
habit of burrowing in rocks and calcareous 
shells. It has a wide range of geographical 
distribution. It is a ciliary-mucious feeder 
and eats ori micro-organisms brought by 
water current. 

External structures 

Phoronis has an unsegmented, tubiculous 
and elongated body. The body is differen- 
tiated into an anterior lophophore and a 
posterior trunk. The lophophore is horse- 
shoe-shaped with spirally coiled lateral 
cornu. The cornu are supported by meso- 
dermal skeleton. A bunch of slender ciliated 
tentacles is present on the lophophore. In 
Phoronis, the crown of tentacles is separat- 
ed by a groove. Both the mouth and anus are 
located at the tentacular end. Overhanging 
the mouth a broad lobe called upper lip 
or e pis tome is present. T w o ciliated nephri- 
dial tubes open near the anus. The trunk 
region of the body is narrow, cylindrical 
and is devoid of appendages. The trunk 
is of uniform diameter throughout the 
length except at the posterior end where it 
becomes enlarged to form the end bulb or 
ampulla. T he trunk shows faint annulations. 

Body wall 

The body wall is made up of cuticle , 
epidermis , basement membrane , muscular layers 
and coelomic epithelium. T he cuticle is well- 
developed in the lophophoral region. The 
epidermis is composed of columnar cells, 
neurosensory cells and gland cells. The 
epidermis in the tentacles is ciliated. At 
the basal part of the epidermis throughout 
the body, lies the nervous layer. Between 
the epidermis and the muscular layer 
(here is a basement membrane. The 
muscular layer is composed of thin outer 
circular muscle and thick inner longi- 
tudinal muscle. The coeiomic epithelium 
is syncytial in nature. 

Coelom 

The coelom is spacious. The coelom is 
divided into two major parts by an oblique 
diaphragm which runs across posterior to 
the tentacular crown. The anterior part 
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of the coelom includes the cavities in the 
tentacular epistome and lophophore. This 
part of the coelom is devoid of external 
openings. The posterior trunk coelom 
( metacoel ) is quite extensive and occupies 
the whole length of the trunk. The meta- 
coel, in adult, becomes usually divided 
into four longitudinal compartments by 
mesenteries, two dorso-lateral and two 
ventro-lateral. The posterior trunk coelom 
is communicated with the exterior through 
the nephridia. 

The coelomic fluid is a colourless albu- 
minous fluid and contains coclomocylcs, 
red blood corpuscles, spindle bodies and 
pigment cells. 

Digestive system 

The alimentary canal is a long tube 
which bends on itself to form a 'U’-like 
loop and is broadly differentiated into 
oesophageal, gastric and intestinal re- 
gions (Fig. 19.8B). The crescentic mouth 
receives ciliated grooves from the lopho- 
phore. The mouth leads into the oesophagus. 
The wall of the oesophagus is thick and 
contains internal folds. The oesophagus 
leads into a long descending tube called 
prestomath or pmventrh ulus. This part 
lacks muscular layer hut possesses an inter- 
nal mid-dorsal ciliated band. The presto- 
mach in the end bulb becomes dilated to 
form a roundish stomach. The stomach has 
an inner ciliated epithelium in the middle 
region, but at the two sides the epithelium 
becomes syncytial. The ascending limb of 
the alimentary canal is the slender intes- 
tine which is demarcated from the stomach 
by a constriction. The intestine passes into 
the rectum and opens to the exterior 
through the anus. 

Circulatory system 

The blood contains only red blood cor- 
puscles. The blood vessels are closed tubes 
and are contractile in nature. These 
blood vessels subserve the functions of 
heart. There are two main longitudinal 
blood vessels running along the trunk 
(Fig. 19.6C). These vessels are: (a) 
Afferent or dorso-median vessel and (//) 
Efferent or ventro-lateral vessel. The 1 flood 
flows from the posterior to the anterior side 
through the dorso-median vessel, whereas 
by the ventro-lateral vessels the blood 
is carried to the posterior side. The dorso- 
median vessel m the lophophoral coelom 
bifurcates tft form an afferent ring vessel 


which gives a vessel to each tentacle. The 
tentacular vessels unite with tffe efferent 
ring vessel which in turn is connected with 
the ventro-lateral vessel or efferent vessels. 
Aborally, the dorso-median and ventro- 
lateral vessels communicate with the 
haemal plexus of the gut wall. 

Excretory system 

The excretory system comprises of a pair 
of nephridia, which is also called 
rnetanephridia. Each nephridium is a ‘LT- 
shaped tubular structure and is lined 
throughout its length by ciliated epithe- 
lium. It opens to the exterior through 
ncphridioporc on the side of the anus. 
The nephridia also act as gonoducts. 

Nervous system 

The nervous system consists of nerve fibres 
and nerve r r, [s, which form a distinct 
nervous layer beneath the epidermis. This 
nervous layer becomes differentiated into 
a nerve ring at the anterior end of the 
body, which is regarded as the preoral 
nervous field and it gives nerves to the 
tentacles. 'The nerve ring becomes thick- 
ened and broadened mid-dorsally. In 
addition, a lateral nerve (a cylindrical 
giant nerve fibre covered by a sheath) is 
present. In most of the species lateral nerve 
is present on the left side, except in a few 
species where it may also be present on 
the right side. The lateral nerve innervates 
the trunk musculature. 

in Phoronis, sense organs are represen- 
ted only by neurosensory cells. 

Reproductive system 

Phoronis is hermaphrodite. Specialised 
cells on the inner coelomic wall produce 
sperms and ova. Fertilization occurs cither 
in the body cavity or in the lophophoral 
cavity where reproductive cells are brought 
out through the nephridiopores. 

Development 

After the completion of fertilization, 
development occurs in the cavity enclosed 
by the tentacles. The development is 
indirect. Cleavage is hgloblastic. and is 
slightly unequal. The cleavage results into 
the formation of cocjoblastula. The vegital 
pole of the cocloblastulaJ)ceornes flattened 
and invagination starts in typical embolic 
fashion. The mesoderm is budded off from 
the endoderm. The coelomic spaces arise 
as diverticula from the enteric wall. After 
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the completion of development, a ciliated 
larval fonVi is produced. The larva is a free- 
swimming form and has an oval body. The 
preoral lobe becomes expanded and bent 
forward. The alimentary canal is differen- 
tiated into oesophagus, stomach and intes- 
tine. As the larva develops, the cilia be- 
come restricted to certain areas of the 
body. The fully-developed larva is called 
Actinotrocha larva. It has an elongated form 
ranging from 1-5 mm. Overhanging the 
mouth of the larva there is a hood-like 
hollow preoral lobe and a circlet of ciliated 
tentacles (Fig. 19.81), E). An apical plate 
with eye spots is present in the preoral lobe 
of the larva. A pair of excretory organs 
with solenocytes are present. Another post- 
oral ciliated ridge is present below the 
mouth. A girdle of slender tentacles origi- 
nating from the preoral lobe surrounds 
the anterior part of the larva. Actino- 
trocha larva settles down to the bottom 
and transforms into an adult. This larva 
bears close resemblance with the Tornaria 
larva of Balanoglossus. 

HISTORY 

The phoronids constitute a very impor- 
tant group amongst the lophophorate 
coelomates. The name of the group as 
Phoronida was first coined by Hatschck in 
1888. Another name, Phoronidea , pro- 
posed by Lang has not been universally 
accepted. Before the establishment of 
group, many workers studied the biology 
of many Phoronids. J. Muller and his 
student, Wegener in the year 1847 first 
observed numerous free-swimming animals 
on the surface of the sea. Both the workers 
wrongly took them as adult forms and 
named them as Actinotrocha branchiata. But 
their larval nature was pointed out subse- 
quently by Gagenbaur (1854). Wright 
(1856) first observed an aggregate of many 
adult worms inhabiting the tubes and 
called the animals as Phoronis . Kowalevsky 
(1867) and MetschnikofT (1871 ;, by follow- 
ing the developmental sequences, have 
established the fact that the Actinotrocha 
larva metamorphoses into adult Phoronis. 
This observation!* led to the fact that the 
Phoronis is the adult worm and the Acti- 
notrocha is its larval Stage. 

AFFINITIES 

The biological status of the Phoronida in 
the animal kingdom is a disputed issue. 


Because of the peculiar anatomical organi- 
sation and structural resemblances with 
other groups, Phoronida has been a 
controversial subject since its discovery. 
Amongst all other groups, Brachiopoda 
and Ectoprocta resemble very closely with 
the Phoronida. The Phoronida, Brachio- 
poda and Ectoprocta are collectively called 
the lophophorate coelomates. On the basis 
of their similarities, these three groups, 
were regarded by earlier Zoologists, 
specially by Milne-Edwards (1843) and 
T. H. Huxley (1853) as a single phylum 
Molluscoidea . But due to their wide struc- 
tural divergences and lack of mutual 
relationships, the scheme has been totally 
abandoned. Caldwell (1882) also estab- 
lished the relationship between the three 
groups. Hatschck (1888) placed them in 
different classes under the phylum Tenia - 
culata. Such attempts of combining them 
under one phylum seems to be inappro- 
priate. Hyman (1959) suggested an alter- 
nate name, Lopkvphorata for these groups 
because of the presence of lophophore. 
In spite of all attempts to include them 
under one group, it is improper to draw 
any definite affinity between them, be- 
cause there are many structural differ- 
ences. This aspect will be clear from the 
following discussion. 

Relationship with Brachiopoda 

The Phoronida exhibits close resem- 
blances with Brachiopoda. The similarities 
are: (1) Presence of similarly constructed 
horseshoe-shaped lophophore. (2) Presence 
of an epistome. (3) Presence of a U-shaped 
alimentary canal. (4) A coelomic septum 
is present separating the mesosome and 
nietasome, although poorly developed in 
Brachiopoda, except in Crania where the 
septum is complete. (5) Presence of sub- 
epidermal nervous plexus which forms a 
nerve centre in the mcsococl. (5) A pair of 
metanephridia are present. These are the 
coelomoducts of metacdel and also act as 
gonoducts. (7) The mouth originates direct- 
ly from the blastopore in both. (8) In both 
the cases the dorsal surface between mouth 
and anus is extraordinarily shortened. The 
Phoronida and Brachiopoda, though poss- 
ess many similar features, have many struc- 
tural differences which do not support 
the supposed affinities. The main diffe- 
rences are: (1) The nerve centre is supra- 
enteric in Phoronida but subenteric in 
Brachiopoda. (2) In Phoronida, two 
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sets of tentacles are present, one is the 
larval set and the other is the definitive 
set. But in Brachiopoda, larval tentacles 
are lacking. (3) The brachiopod shell 
cannot be correlated with the exo- 
skeleton of Phoronida. (4) The chitinous 
setae in larval and adult Brachiopoda have 
no counterparts in Phoronida. (5; Hie 
circulatory system in Phoronida is more 
developed than in Brachiopoda. In 
Phoronids the blood vascular system is 
composed of closed blood vessels, whereas 
in Brachiopods it is of open type. (6) In 
Phoronida, the cleavage pattern is spiral, 
but in Brachiopoda cleavage is not spiral. 

Relationship with Ectoprocta 

The relationship between Phoronida 
and Ectoprocta has also been emphasised 
by Caldwell (1882). The idea was based 
on the existence of the following similar 
features: (1) The nerve centre is situated 
in the mesocc^ 1 and is supracnteric in both. 

(2) The lophophore is horseshoe-shaped. 

(3) Epistome is present. (4) Alimentary 
canal is bent to form a U-shaped tube. 
(5) The disposition of coelom is similar and 
a septum separates the mesocoel from the 
metacoel. But a detailed study of the two 
groups shows many structural dissimilari- 
ties. They differ widely from both ana- 
tomical and embryological point of view. 
The following points stand as barriers to 
draw the relationship between them. They 
are: (1) The origin of coelom is different. 
In Phoronida, the coelom is endoincso- 
dermal in origin, while in Ectoprocta it 
is ectomesodermal. (2) The region bet- 
ween the mouth and anus is dorsal in 
Phoronida but in Ectoprocta it is ventral. 
(3) Circulatory system and nephridia are 
absent in Ectoprocta but in Phoronida 
both the systems are present and well- 
formed. (4) The developmental sequences 
vary quite greatly. 

Because of the presence of wide struc- 
tural differences, the relationship between 
Ectoprocta and Phoronida cannot be justi- 
fied. Of the three lophophorate eoclomates, 
the Phoronids are nearer to the lophop- 
horate ancestor because they resemble each 
other by the following points: (1) Mus- 
cular vermiform body with crescntic lop- 
hophorc. (2) Existence of a septum bet- 
ween an anfprior lophophore bearing part 
and a posterior trunk. (3) Circulatory 
system is of closed type with dorsal and 


ventral vessels. (4) Trochophore type of 
larva has protonephridia. 

Relationship with Annelida 

The relationship between Annelida and 
Phoronida is mainly based on the larval 
similarities. Because of their resemblances, 
the Actinotrocha is regarded by many 
authors to be a modified Trochophore 
larva. The points of resemblances are: 
(1) The tcntaculatc lophophore of Phoro- 
nida corresponds to the tentacular crown 
of Siptinculus. (2) In both Annelida and 
Phoronida the mature germ cells pass out 
through the nephridia. (3) The Actino- 
trocha larva and the Trochophore larva 
possess many common features: (a) Both 
of them are free-swimming ciliated pelagic 
forms with distinct prcoral lobe. ( b ) The 
girdle of larval tentacles develop from 
the ciliary band. The cilia bordering the 
preoral lobe of Actinotrocha represent the 
mctatroch and prototroch of Trochophore 
respectively. The disposition of the telo- 
troch is similar in both, (c) A thickening 
of the ectoderm of the preoral lobe 
in Actinotrocha represents (sometimes 
bearing eyes) the apical plate of Trocho- 
phore. (d) A pair of solcnocytic nephridia 
are present, (e) In both the larval forms 
the alimentary canal is similarly placed 
and has similar divisions. But closer 
examination reveals that the Annelida 
and Phoronida are fundamentally differ- 
ent in thrir organisation. The most 
important point lies in the development of 
mesoderm. In Actinotrocha mesoderm is 
endomesodcrmal. The body of Phoronida 
is unsegmented, but in Annelida segmen- 
tation is the main criterion in their organi- 
sation. In Trochophore mesoderm is 
arranged in teloblastic bands. The rela- 
tionship between Annelida and Phoronida 
cannot be justified by critical examination, 
but the larval resemblances arc quite 
striking. These larval similarities may be 
due to their adaptive convergence. 

Relationship with Hcmichordata 

Many workers, specially A. Masterman 
(1897), tried to establish the relationship 
between Phoronida and Hcmichordata. 
The relationship is printarily based on the 
similarities in the larval forms, between 
the Actinotrocha larva and the Tornaria 
larva of Hcmichordata. The simi- 
larities are: (l) The body division of 
Hemichordata (Proboscis, Collar and 
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Trunk) corresponds to the body division 
of the Phoronida (Epistomc, Mesosome 
and Trunk or Metasome). (2) A pair of 
glandular pockets opening into the proxi- 
mal end of the stomach of Phoronida are 
supposed by Masterman to be the paired 
notochord. (3) Presence of a septum bet- 
ween the middle and posterior sectors of 
the body in both the forms. (4) The posi- 
tion of the tentaculate lophophore is simi- 
lar to the tentaculated arms oiCephalodiscus , 
a member of Hemichordata. (5) Presence 
of superficial similarities in the disposition 
of larval coelom. But a thorough analysis 
reveals many differences. The differences 
are: (1) The three divisions of the body of 
Phoronida are not justified by embryologi- 
cal data. Actually, Phoronida lias two divi- 
sions in the body. The epistomc of Phoro- 
nida is not a body region and does not con- 
tain coelom like that of probosc is of Hemi- 
chordata. (2) The mesocoel of Phoronida 
communicates to the exterior through meta- 
nephridia which are absent in Hem ichor- 
data. (3) The coelom in Actinotrocha is 
divided into three compartments, but in 
Trochophore, the collar coelom and trunk 
coelom are paired. (4) The notochordal 
nature of the glandular pockets in Phoro- 
nida is difficult to interprete. From the 
above points it is quite apparent that most 
of the arguments forwarded by Masterman 
to establish the relationship between the 
Phoronida and Hemichordata are not 
corroborated by embryological facts. Most 
of the points of resemblances are based 
on assumption save for the septum bet- 
ween the middle and posterior sectors 
of the body and the similarity between the 
tentaculate lophophore and the tentacular 
crown in Cephalodiscus. Because of the 
similarities it may be suggested that the 
two groups inherited these characters from 
a remote common ancestor. 

Even after reviewing the relationship of 
Phoronida with other groups the biological 
status of Phoronida remains still unsolved. 
The affinities between Brachiopoda, Ecto- 
procta and Phoronida cannot be denied, 
as they have many similar structures. 
But the idea to include them within 
the phylum Molluscoicfea or Tentaculata 
or Lophophora cannot be justified. 
Of the lophophorate coelomates, Pho- 
ronida is nearer to the lophophorate 
ancestor because of the reasons stated 
before. Another significant point is the 


nature of the Actinotrocha larva of Pho- 
ronida. This larval form is regarded as the 
modified form of Protostomous phyla by 
a host of workers. The larval similarities 
are so close that the above relationship 
has solid basis to reject all pleas. The 
Phoronida also presents many similar fea- 
tures with the Deuterostomous phyla. Be- 
cause of its dualistic affinities with the 
Protostomous phyla in one hand and the 
Deuterostomous phyla on the other, it is 
considered that the Phoronida forms a 
sort: of connecting link between the Protos- 
tomous phyla (Platyhclminthes, Nemal- 
thclminthcs, Sipunculida, Echiuroidea, 
Annelida, Mollmca, etc.) and the Deute- 
rostomous phyla (Echinodermata, Pogo- 
nophora. Chordata, etc.). In our present 
discussion, the phoronids are given the 
status of a separate phylum which is 
characterised by some specific features. 

PHYLUM BRACHIOPODA 

The brachiopods or ‘lamp-shells’ repre- 
sent a peculiar group of bilaterally sym- 
metrical coelom ales. They are placed in 
the phylum Brachiopoda which is allied to 
Phoronida and Kctoprocta. The name of 
the phylum came from two words, brae hi on 

■ arm and pados-=--t oot, which actually 
refers to the folded tentaculated arms of 
lophophore of Brachiopoda. The phylum 
Brachiopoda has a few peculiar characte- 
ristics. They are: (l) Solitary and bi- 
laterally symmetrical coelomatc animals 
with bivalvcd shell. (2) Sedentary forms 
which are attached to the substratum 
either directly or through a peduncle. (3) 
Provided with a tentaculated lophophore. 
(4) Circulatory system has a contractile 
dorsal vesicle. (f>) One or two pairs of 
metanophridia are present which also 
function as gonoducts. Iri all the brachio- 
pods the structural organisation is more 
or less similar excepting the nature of 
articulation of the two shpll valves, fn our 
present discussion the biology of a typical 

genus, Mage llama has beep described. 

$ 

Example of the PhyujM; Brachiopoda— 

MAGELLANIA 

Magellanic ( Waldheimia ) is a highly 
specialised genus of the family Terebra- 
tellidac under the class Art^culata. This 
genus contains several species distributed 
in the various parts of the world. 
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Habit and Habitat 

Magellania, like all other brachiopods, 
is a marine and benthonic animal. Brachio- 
pods are present in all the seas and at 
all depths extending from the intertidal 
zones to the depth of 5000 m. The genus 
Magellania includes several species which 
are widely distributed but arc quite 
abundant in the coast of New Zealand. 
They remain attached by peduncle to 
rocky bottoms (Fig. 19.9A). They are 
ciliary-mucus-feeders and lophophore is 
the efficient food-driving apparatus. The 
food includes minute organisms, specially 
the diatoms. 

External structures 

The body of Magellania is provided with 
shell which is divided into a dorsal and a 
ventral valve. The valves are more or less 
oval in shape and are unequal in size. 
The ventral valve is larger and projects 
over the d/'rs;’ valve and forms a short 
beak. A peduncle or pedicel emerges through 
an oval foramen present in the beak and 
the animal fixes itself on the substratum 
by the peduncle. The two valves are bila- 
terally symmetrical and are hinged poste- 
riorly by tooth and socket arrangement. 

The dorsal valve has a strong cardinal 
process. Lines of growth are represented by 
concentric rings on the surface of the shell 
valves. The shell has a thin external cover- 
ing called periostracum . This layer is 
produced by organic materials which arc 
probably ehitinous in nature. The main 
inorganic component is the calcium car- 
bonate. 

The body proper is situated inside the 
posterior end of the shell (Fig. 19.9B). Flic 
mantle cavity is largely occupied by a 
large lophophore . The lophophore is a 
prolongation of the anterior body wall. 
It is large in size and occupies the 
greater part of the mantle cavity. The 
dorsal shell valve is related to the 
lophophore. The lophophore is sup- 
ported by internal skeleton called 
brachidium or brachial support. The braclii- 
dium consists of a pair of prongs called 
crura , Inside the lophophore the crura are 
continued forward as a calcareous ribbon 
which forms a loop. This long curved 
loop is present on the dorsal valve. r l he 
loop is not^ attached with the dorsal 
valve. Tt*e calcareous support of the 
lophophore- develops from the inner lami- 


na of the dorsal mantle lobe. .The lopho- 
phore is provided with long ciliated 
tentacles which help in food capture. The 
lophophore shows extreme variations in 
different brachiopods. The type present in 
Magellania is called plectophous type, 
i.e. a median coiled arm develops between 
the two simple lateral arms. 



Tig. 19.9. A. A Magellania in typical position. B. 
Enlarged diagrammatic sectional view of Magel- 
lania to show the internal organs. 

Body wall and Masculature 

The body is covered by a single-layered 
epidermis on the outerside. The epidermal 
cells are cuboidal or columnar in shape. 
Interspersed with the epidermal cells there 
are gland cells. Beneath the epidermis 
there is the median connective tissue 
layer which show s besides the fibres, a carti- 
laginous consistency in many parts. The 
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inner lining comprises of a thin ciliated 
peritoneum . The body wall has muscle layer 
in the inner side of the peritoneum, in the 
mantle lobes and the lophophore. 

Three sets of specialised muscles are 
present. The adductor or occlusor muscle 
and the divaricator or diductor muscle that 
help to open the valves and the peduncular 
muscles operate the peduncle. 

Coelom 

The coelom is spacious and the space 
is divided into three compartments — 
protocoely mesocoel and metacoel. These 
compartments are partially separated 
from each other. The mesocoel gives 
large arm canals to the lophophore. The 
coelom contains mesenteries and muscles. 
The metacocl constitutes the main body 
cavity containing major part of the ali- 
mentary canal, shell muscles, nephridia, 
gonads, etc. It is also continued into the 
mantle lobes as mantle canals . This coelom 
communicates with the exterior through a 
pair of metanephridia. 

The coelom is filled with a fluid con- 
taining several types of free coclomocytcs. 

Digestive system 

The mouth is a transverse slit-like aper- 
ture situated at the middle of the lopho- 
phore which leads into a U-shapeji ali- 
mentary canal. The mouth leads into an 
oesophagus which opens into a large stomach. 
There is a large digestive gland or liver which 
opens into the stomach. The liver occupies 
most of the inner space and is composed of 
numerous spherical acini. The product of 
the liver is poured into the stomach by 
one to three large ducts. The stomach 
passes into an intestine which ends blindly, 
i.e. the amis is wanting. 

Respiratory system 

There is no specialised respiratory 
organ in Magcllina, but the lophophore, in 
addition to food-catching function, plays 
the respiratory role. The water current 
plays double functions of feeding and of 
drawing in and expelling out respiratory 
gases. The coelornic fluid present in the 
tentacular canals, helps in gaseous ex- 
change. 

Circulatory system 

The circulatory system is of open type. 
The blood channels have no definite wall. 


These are mere spaces inside the mesen- 
teries. The blood is a colourless and cell 
free fluid. A globular contractile sac, 
called ‘heart* is present. It is attached to 
the posterior region of the stomach. The 
blood channels, arising from the heart 
supply the various parts of the body. 

Excretory system 

The excretory system consists of one 
pair of metanephridia situated in the meta- 
coel. Each metanephridium is a tubular 
structure, one end of which opens into the 
coelom by a wide funnel-shaped nephrostome 
while the other end extends anteriorly and 
opens into the mantle cavity through 
nephridioporey situated one on each side of 
the mouth. In addition to the excretory 
function, the metanephridia also acts as 
gonoducts. 

Nervous system and Sense organs 

The nervous system comprises of a 
circumenteric nerve ring with a large subenteric 
ganglion and a smaller supraenteric ganglion. 
The circumenteric nerve ring supplies ner- 
ves to the arms and tentacles. The subente- 
ric ganglion gives out several lateral nerves 
supplying the dorsal man lie lobe and a pair 
of thick trunk nerves to the posterior side 
which innervate the ventral mantle lobes, 
the adductor muscles and finally proceed 
to t lie peduncle as peduncular ne rve. 

Special organs of sense are lacking in 
Magcllania, but in other Brachiopods they 
are represented by statocysts, eyes and 
sensory patches. 

Reproductive system and Develop- 
ment 

The sexes are separate, llic gonads are 
localised modifications of the peritoneum 
and arc four in number. They resemble 
bunches of grapes and become considerably 
enlarged during maturity . When the ga- 
metes become mature thfy are discharged 
into, the metacoel from \ where they are 
conveyed to the exterior ithrough metane- 
phridia which act as the gonoducts. 

Fertilization is external The cleavage is 
holoblastic and occurs along the radial 
plane. A cocloblastula is formed which 
eventually becomes a gastrula by emboly. 
Coelom is enterocoelous in this case. 
Mesoderm differentiates as Sa single sac 
which becomes separated offc from the 
posterior end of the archentcron by a 
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developing partition. After subsequent 
developmental stages, a free-swimming 
ciliated larva emerges out which resembles 
closely the annelidan trochophore larva. 
After a short free-swimming phase the 
larva fixes itself with the substratum by 
the peduncular region and metamorphoses 
into an adult. 


CLASSIFICATION 

The brachiopods are noted for their 
abundance in the geological strata of the 
earth. Cooper has calculated about 30,000 
species' of fossil brachiopods. At present, 
the brachiopods are represented by 68 
genera having about 260 existing species. 
The scheme of classification described here 
concerns only the existing brachiopods. 
The phylum Brachiopoda is classified into 

two classes Ecardincs or Inarticulata and 

Tcsticardines or Articulata. 

Class Ecardincs or Inarticulata 

The representatives of this class have 
(t) shell valves which are not united by 
hinge but by muscles only; (ii) no shelly 
loop supporting the lophophore and (Hi) 
anus is present. The class contains two 
orders: Atremata and Xcolrcmata. 

Order Atremata 

The shell is mostly composed of cal- 
cium phosphate. The foramen, through 
which the pedicle passes out, is formed by 
both the shell valves. Examples: Lingula , 
Glotiidia. 

Order Pfeotremata 

The shell may be composed of calcium 
carbonate. The pedicle foramen is usually 
confined to the ventral shell valve alone. 
The representatives arc: Crania , Cranisnts , 
Pelagodiscus, Discina , Discinisca. 

Class Testicardines or Articulata 

The members have (i) shell valves 
united by hinge apparatus, (ii) shelly loop 
is present supporting the lophophore and 
(Hi) intestine terminates blindly, i.e. the 
anus is absent. The examples are: Megella- 
nia, Lacazdla , Thecidellina , Rhynchonella , 
Terebratulina , Chlidonophora , Dyscolia. 

HISTORY 

Starting fif5m late sixteenth century the 
study of frachiopods has a long history 


behind. They were, for a longtime, regarded 
as molluscs because of the presence of cha- 
racteristic bivalve shell. Linnaeus in 1758 
gave the name Anomia to the brachiopods 
and placed them under Vermis. By 
studying the anatomy of Lingula , Terebra- 
tula and Orbicula , Cuvier (1797-1802) 
placed them under the group Acephal 
under Mollusca. The credit of coining the 
name of the group as Brachiopoda goes to 
Dumeril (1806) who placed it as a sepa- 
rate order under Mollusca. Steenstrup 
(1 847-49) tried to establish the affinity of 
the brachiopods with the annelids. Since 
then the workers on this line were divided 
into two distinct schools- — one supporting 
the mollusca n affinity arid the others in- 
clined to support the annelidan affinity. 
T. H. lluxloy (1869; discarded the mollus- 
can affinities of brachiopods and placed 
them as o of the three classes under 
Molluscoidea, the other two classes being 
Tunicata and Bryozoa. Caldwell (1882) 
suggested the close relationship between 
Phoronida, Brachiopoda, Bryozoa and 
Sipunculida. The brachiopods, phoro- 
nids and bryozoans were grouped under 
lentaculata by Ilatsehck (1888; and under 
Lophophorala by Schneider (1902). Because 
of the controversies regarding the systema- 
tic position, the brachiopods have been 
given the status of a separate phylum called 
Brachiopoda. 

AFFINITIES 

As already discussed in the biology of 
Phoronida, tffi- brachiopods constitute a 
distinct group of lophophorate coelomates. 
The Brachiopoda, Phoronida and Ecto- 
procta possess many similar features, viz. 
presence of lophophore, septum between 
mesocoel and mctacocl, presence of epis- 
tome representing the anterior section 
(protosome) of the body, chitinous secre- 
tion, U-shapcd alimentary canal and tro- 
chophore like larva. In spite of these com- 
mon features, the Phoronida, Brachiopoda 
and Ectoprocta possess many striking 
ndividual characteristics which demand 
serious consideration. Because of that, all 
the three groups have been given the status 
of separate phyla. # 

Relationship wit^ Phoronida. The Bra- 
chiopoda and Phoronida have many 
similar structures, such as, (1) similar 
lophophore; (2) cpistomc representing the 
anterior segment of the body; (3) U-shap- 
ed alimentary tube; (4) presence of septum 
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separating the mesocoel and metacoel ; 
(5) presence of subepidermal nerve 
plexus ; (6) a pair of metancphridia in the 
metacoel acting also as gonoducts; (7) 
derivation of mouth directly from the 
blastopore; (8) the dorsal surface between 
the mouth and anus becomes greatly 
shortened. In spite of the similarities, these 
two groups have many structural differen- 
ces. The differences are: (1) the nerve 
centre is supraenteric in Phoronida but in 
Brachiopoda it is subenteric. (2) Two sets 
(larval and definite) of tentacles, are pre- 
sent in Phoronida, but in Brachiopoda the 
larval set is wanting. (3) The shell of 
Brachiopoda cannot be correlated with 
exoskeleton of Phoronida. (4) The chiti- 
nous setae in Brachiopoda have no counter- 
parts in Phoronida. (5) Circulatory system 
is of open type in Brachiopoda but in 
Phoronida it is closed type. (6) The 
cleavage pattern is spiral in Phoronida, 
but in Brachiopoda it is not so. Because 
of such differences the two groups are 
placed under separate phyla. The similar 
features are due to remote connection 
with the ancestral stock. 

Relationship with Ectoprocta. The Bra- 
chiopoda is related to Ectoprocta by having 
many similar features. They are: (1) Both 
Brachiopoda and Ectoprocta have simi- 
lar body plan. (2) The bivalve shell 
of Cyphonaules larva of Ectoprocta 
is comparable to the shell of Bra- 
chiopoda. (3) A coelomic septum is ] pre- 
sent between mesocoel and metacoel. (4) 
U-shaped alimentary canal. But because 
of the undermentioned differences, the 
affinities become difficult to be considered. 
The common features are due to 
descend from a common lophophorate 
ancestor. The main differences are as fol- 
lows: (1) The nervous centre is mainly 
supraenteric in Ectoprocta, but in Brachio- 
poda it is subenteric. (2) The brachiopod 
shell cannot be compared to the exoskeleton 
of Ectoprocta. (3) The shell is laterally 
placed in Ectoprocta, but in Brachiopoda 
the shell is dorso-ventrally placed. (4) The 
chitinous setae are present in brachiopods, 
but in Ectoprocta no such setae arc observ- 
ed, (5) The coelomic . septum is poorly 
developed in most brachiopods. (6) The 
anus is lacking in some brachiopods. 

Considering the relationship between the 
three lophophorate coelomates, it seems 


reasonable to assume that the phoronida is 
a primitive group because they have many 
features common to the lophophorate 
ancestor. The Brachiopoda constitutes a 
very divergent group amongst the lopho- 
phorate coelomates. Because of the lack of 
specific relationship between them, the 
Brachiopoda, Phoronida and Ectoprocta 
have been treated as separate phyla. The 
idea of uniting them under a common 
phylum is not favoured nowadays. 

Relationship with Annelida. The 

Brachiopoda and Annelida have some 
structural similarities. These are: (1) The 
setae in Brachiopoda are comparable with 
those of Annelida. (2) Presence of meta- 
nephridia which also act as gonoducts. 
(3) 'Die larva resembles a trochophore. 
The larval segmentation is comparable in 
both. 

The main difficulty lies in the origin of 
coelom in these two groups. Despite the 
entcrococlous origin of coelom in Brachi- 
opoda, the relationship cannot be esta- 
blished with certainly as both the groups 
differ fundamentally. Because of the 
presence of trochophore-like larval form, 
Brachiopoda is regarded to be related to 
protostomous phyla. 

Relationship with Mollusca. Presence of 
bivalved shell and mantle-lobes surround- 
ing the body and presence of trocho- 
phorc-like larval form led many Zoologists 
to include the brachiopods within the 
phylum Mollusca. But a closer examination 
reveals that the shell valves are laterally 
placed in mollusca, but in brachiopods the 
shell comprises of dorsal and ventral valves. 
Because of lack of convincing evidences 
the relationship cannot be advocated. 

After reviewing the relationship of 
Brachiopoda with other groups, it becomes 
necessary to place them under a separate 
phylum having relationship with protosto- 
mous and deuterostaimous phyla. As 
regards the interrelationships between 
different members of f the Brachiopoda, 
it can be suggested that the articulate 
brachiopods evolved from inarticulate 
brachiopods along different lines in their 
phylogenetic history. The geological 
records show that the brachiopods 
originated in pre-cambrian period and the 
oldest brachiopods were the inarticulates 
belonging to extinct superfamiVObolacea. 
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PHYLUM ECTOPROCTA (BRYOZOA) 

The members of this phylum are com- 
monly called ‘ sea-mats ’ or ‘ corallines' . They 
are microscopic colonial forms which 
remain permanently attached on various 
substrata. They resemble superficially the 
hydroid coelenteratcs. The colony (termed 
as £oarium) is composed of zooids which 
constitute the units of the colony. The 
whole of the zoarium remains covered by 
exoskcletal case called zooecium which 
opens to the exterior through an orifice. 
The ectoprocts exhibit slight structural 
diversities and a typical genus Bugula has 
been described below to offer an idea of the 
phylum. 

Example op the Phylum Eotoprocta 

BUGULA 

Habit and Habitat 

Bugula flabellata is a marine dicholo- 
mously branched colonial cctoproct. It is 
a benthonic animal and remains fixed on 
any foreign br;dy by its slender root fila- 
ments. The colony of Bugula may reach 
the height of several inches. It is a ciliary 
feeder and lives on micro-organisms, 
specially the diatoms. 

External structures 

The colony of Bugula consists of a 
number of units called zooids. The 
colony communicates with the exterior 
through an orifice which is devoid of oper- 
culum. The zooids are cylindrical in shape 
and have a wide crescentic mouth at the 
terminal end (Fig. 19.10). The zooids 
have chitinous wall. The ventral side of 
the wall has a very thin cuticle . The entit le 
together with the underlying body wall 
constitutes the frontal membrane . The other 
walls become much thickened. The living 
parts of the zooids remain immovably 
attached to the inner side of the 
zoecia. The living parts consists of two 
portions, an anterior protrusible. and mov- 
able part called introvert and the pos- 
terior trunk which is attached inside to 
the innerside of the zooecium. The intro- 
vert bears a lophophore having 14 long 
filiform tentacles. The tentacles arc hollow 
and contain coelomic cavities. The zooids 
exhibit polymorphism. The colony has 
some peculiar pedunculate appendages 
called avicularia (plural of avicularium), 
resembling ctosely the miniature head of 
birds. They are defensive organs. 


Body wall 

The body wall consists df an outer 
chitinous zooecium, an underlying epider- 
mis and an inner peritoneal layer. Muscle 
layer is absent in this genus. 



Pig. 19.10. Structures of Bugula. Two zooids 
.ire shown in a longitudinal section. 


Coelom 

The corf m is quite extensive and is in- 
completely divided into two parts by an in- 
complete septum. The anterior coelom is 
small and called ring coelom. The ring 
coelom is situated at the base of the lopho- 
phore and extends to the tentacles. The 
trunk coelom is large and occupies the 
space between the body wall and the ali- 
mentary canal. The trunk coelom is tra- 
versed by 20 40 pairs of muscle fibres 
which are regarded as the displaced mus- 
cles of the body wall. The coelom also 
contains funicular cords which suspend the 
alimentary canal. 

Digestive system 

The alimentary canSl is a U-shaped 
tube. The mouth is situated at the centre 
of the lophophore. The tnouth leads into a 
spacious pharynx which passes into the 
oesophagus. The pharynx has an internal 
ciliated lining. The inner lining of the 
oesophagus is non-ciliated. The oesophagus 
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leads into stomach from where projects a 
conical caecum. The caecum is attached 
with the body wall by funiculus . The 
intestine terminates in a round anus 
situated near the mouth. 

Circulatory system 

There is no blood vessel in ecloprocts 
and the circulatory system is wanting. 

Excretory system 

Definite excretory organs are lacking in 
ectoprocts. By introducing \ital dyes, it is 
observed that the coelomocytes, funicular 
tissues, tentacles and caecum of the ali- 
mentary canal help in eliminating the 
waste products. 

Nervous system 

The nervous system comprises of a 
nerve centre in the form of a small ganglion 
situated in the ring coelom. Nerves are 
given to the various parts of the body 
from this ganglion. The ganglion is conti- 
nuous with a nerve ring surrounding the 
pharynx. The nerve ring gives two gang- 
lionated motor and sensory nerve fibres 
to each tentacle. In this genus, the tentacular 
nerves form an anastomosis with the nerve 
ring. Special sense organs are absent. 

Reproductive system 

Asexual reproduction by budding is 
occasionally found in Bugula. But 
sexual reproduction is a most common 
occurrence. It is hermaphrodite. Gono- 
ducts are absent. The ovary is an 
aggregation of ovocytes and remains enve- 
loped by a thin peritoneal wall. The testis 
is located at the proximal end of the body 
and it may be divided into three or four 
bunches, ft exhibits different stages of 
spermatogenesis. Development takes place 
in brood chamber which is produced as 
an outgrowth of the zooccium called 
ovicell or oecium. 

Development 

Self-fertilization has been observed in 
Bugula. The fertilized egg undergoes holo- 
blastic cleavage and tfic cleavage plane is 
of radial type. The coeloblaslula is formed 
which eventually transforms into a gas- 
trula by the process of delammation. 
During the process of production of 64-128 


blastomeres, 4 elongated cells become cut 
ofl' and enter into the blastocoel. These 
are actually endomesodermal cells which 
give endoderm and mesenchyme. 

The larva is called Gyphonautes. The 
cyphonautes larva in Bugula shows few 
specialised features, viz. shape is oval, 
absence of shell, absence of alimentary 
canal, delimitation of the apical organ 
by a circular groove. 

CLASSIFICATION 

The phylum Ectoprocta is divided into 
two classes. The classes are: (1) Gymno- 
laemata or Stclmatophoda and (2) Pliylac- 
tolamiata or Lophophoda. 

Class Gymnolacmata 

The members of this class are charac- 
terised by having a circular lophophore and 
the absence of ep is tome. The musculature 
in the body wall is absent. This class 
includes five orders. 

Ord er Ctamstamata 

Zoecia are membranous. Ovicells and 
avicularia are absent. Examples: Nolella , 
Viclorella , Clavopora, Pa hid ice l la . 

Order Cheilostomata 

Box-like zoecia which are chitinous or 
calcareous. Ovicells and avicularia are 
present. Examples: Labiostomclla , Gallop ora, 
Bugula. 

Order Cyclostomata or Stem stomata 

Tubular zoecia which are calcareous in 
nature. The avicularia and operculum are 
absent. The representatives arc Tubulipora , 
Stomatopora , Diplosulen, Bercnicea. 

Order Treposlomata 

This order includes the fossil forms 
where the zoecia are elongated, tubular 
and traversed by horizontal partitions. 
They are colonial for0is with massive 
bodies. The examples are Ileteropora , 
Batostoma. ] 

Order Cryptostomata 

This is also an extinct order of the class 
Gymnolaemata where the zoecia remain 
Iiidden at the bottom of Vihe vestibule. 
Examples : Rhombopora , Fenestellq. 
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Class Phylactolaemata or Lophophoda 

This class includes exclusively the fresh- 
water forms which are provided with horse- 
shoe-shaped lophophore. Epistome and 
body musculature are present. The mem- 
bers of the class are Fredericella , Pectinate Ha, 
Lop ho pus, Cristatella , Plumatella , Stolella. 

Recently D. L. Pawson, J. S. Ryland 
and W. D. Williams have divided the phy- 
lum Ectoprocta (Bryozoa or Polyzoa) into 
three classes. The classes are: I. Stcnolae- 
mata, II. Gymnolaemata and III. Phy- 
lactolaemata. 

HISTORY 

Since early days, ectoprocts were group- 
ed with sessile colonial coelenterates as 
polyps under Zoophyta. Impcrato (1599) 
and Peyssonel (1753) established the ani- 
mal nature of the zoophvtes. Blainville 
(1820), Grant (1827) and Edwards (1828) 
noticed two apertures of the alimentary 
canal in ectoprocts and treated them as 
a more highly organised group than the 
true coelenterate polyps which possess only 
one opening. The ectoprocts were given 
the name Polyzoa by Thompson (1830) 
and Bryozoa by Ehrenbcrg (1833). As a 
consequence, the same group of animals 
were attributed two names, Polyzoa and 
Bryozoa. Most of the American workers 
prefer to use the name Bryozoa and 
most English authors use the name 
Polyzoa. Nitsche (1869) divided Bryozoa 
into Endoprocta and Ectoprocta. But 
Hatschek in 1888 gave these two groups the 
status of separate phyla. Bricn and Papvn 
(1954) gave supporting evidences to sepa- 
rate these two phyla. 

AFFINITIES 

Like Phoronids and Brachiopods, the 
systematic position of the Ectoprocts is also 
controversial. The controversy lies due to 
their structural alliances with other groups 
of animals. 

Relationship with Phoronida 

Caldwell (1888) emphasised the rela- 
tionship between Phoronida and Ecto- 
procta. This idea was based on the 
presence of the following similar features. 
(1) The nerve centre is located in the meso- 
coel and is supraenteric. (2) Both are pro- 
vided with horseshoe-shaped lophophore. 
(3) Presence of epistome. (4) U-shaped 
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alimentary canal. (5) Similar disposition 
of the coelom and the presence of a septum 
separating the mesocoel and metacoel. But 
detailed study of the two groups showed 
many structural differences between them. 
They differ widely in their anatomical cons- 
truction. The embryological development 
show many differences. The most impor- 
tant differences are: (1) The origin of 
coelom is different. (2) The region between 
the mouth and anus is dorsal in Phoronida 
and ventral in Ectoprocta. (3) Circulatory 
system and nephridia are absent in Ecto- 
procta, but in Phoronida both the systems 
are present. Because of these differences, 
the relationship between Ectoprocta and 
Phoronida cannot be established. Of 
the three lophophoratc coclomates, the 
Phoronida is nearer to the lophophorate 
ancestor and the Ectoprocta occupies a 
s u bscqu en t s t age . 

Relationship with Brachiopoda 

The Ectoprocta is related to Brachio- 
poda and possesses many common charac- 
ters. The similar features are: (1) Both 
have similar body construction. (2) Bi- 
valvod shell of Cyphonautes larva of Ecto- 
procta is comparable to the shell of Brachio- 
poda. (3) Presence of a coelomic septum 
between the mesocoel and metacoel. 
(4) U-shaped alimentary canal. But due 
to the following structural differences, 
the relationship becomes very difficult to 
establish. The main differences are: (1) 
The nervous system is mainly supraenteric 
in Ectoprocta, but in Brachiopoda it is 
subenterie. (2 } The brachiopod shell can- 
not be compared to the exoskeleton of 
Ectoprocta. (3) The shell is laterally plac- 
ed in Ectoprocta, but in Brachiopoda the 
shell is dorso-vont rally placed. (4) The 
chitinous setae are present in Brachiopoda, 
but absent in Ectoprocta. Because of lack 
of specific relationship between them, the 
Ectoprocta and Brachiopoda are placed in 
two separate phyla having remote phylo- 
genetic connections. 

Relationship with Endoprocta 

Many authors, specially Nitsche (1869) 
placed the Ectoprocta and Endoprocta 
as two classes under the phylum Bryozoa or 
Polyzoa, because of the presence of looped 
alimentary canal, ciliated tentacular 
circlet and the similarity in the larval 
stages. But a thorough examination reveals 
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that the two groups are fundamentally diff- 
erent. They exhibit the following differen- 
ces: (1) The Ectoprocta possesses true 
coelom, whereas in Endoprocta true coe- 
lom is wanting. (2) The tentacular crown 
surrounds only the mouth in Ectoprocta, 
but in Endoprocta both the mouth and 
anus are enclosed by the crown of ten- 
tacles. (3) The nephridia and gonoducts 
are absent in Ectoprocta, but in Endo- 
procta both of them are present. 

Considering these features, it is quite 
apparent that the Ectoprocta is highly 
organised than the Endoprocta and their 
exclusion as separate phylum is more 
reasonable. The similarities in the alimen- 
tary system are due to adaptive conver- 


gence and the larval similarities are 
common for all pelagic free-swimming 
larval forms. 

From the relationship of Ectoprocta 
with other animals it is convenient to 
place the ectoprocts under a separate 
phylum having phylogenetic relationship 
with the other two lophophorate coelo- 
mates -Phoronida and Brachiopoda. As 
regards the intraphylar relationship bet- 
ween different groups of the phylum, the 
phylactolaemates are regarded to be very 
primitive ectoprocts because of the pre- 
sence of (1) Cylindrical zooids, (2) Divi- 
sion of the body into epistome (protosome), 
lophophoral region (mesosome) and trunk 
(metasomc), (3) Horseshoe-shaped lopho- 
phore and (4) Lack of polymorphism. 
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Aurophores 206 
Autogamy 116, 150 
Autolytus 305, 

Autolytus pictus 324 
Autozooid 204, 205 
Autrotrophic 145 
Avkula 655 
Axial complex 584 
Axial organ 584, 593 
Axial sinus 583, 584. 593 
Axon 52, 53 
Axoneme 86 
Axopodium 141 
Axostyle 143 


Babesia 127 

Balancer 217. 479 

Balanoglosstis 81 

Balanophyllia 210 

Balantidium 119 

Balanus 349, 466 

Balinus 234 

Barbs 175 

Barrier reefs 212 

Basal disc 173 

Basal disc cells 176 

Basal granule 112 

Basal membrane 2 1 3 

Basal plate 210 

Basement membrane 442. 57g 

Basiconic sensillae 370 

Basiproboscis 402 • • 

Basis 328 

Basisterinies 318, 382 
Basitrichous 208 
Basilrichous isorhiza 208 
Basommatophora 552 
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Basophil 50 

Batar 329 

Bathynella 467 

Bathyplotes 609 

Bathyspadella 639 

Bathysphaera 127 

Bato stoma 656 

Bdelloida 636 

Beak 651 

Bedbug 426, 427 

Bee 402 

Bee bread 407 

Bee, drone 403 

Bee, Honey, 403 

Bee, Queen, 403 

Bee, Worker, 404 

Belemnoidea 553 

Benthodytcs 609 

Benthopecten 607 

Berenicea 656 

Beroe 220 

Beroidea 220 

Bicosoecida 125 

Binary fission 88 

Binomial nomenclature 71 

Riomyxa 127 

Bipectinate gills 560 

Bipinnaria larva 586, 587, 624 

Bipinnaria papillata, 624 

Birabia 551 

Birgus 468 

Binnous appendages 327 
Birsteinia 644 
Biscosoeca 125 
Bispira 76, 78 
Biting lice, 427 
Bivalvia 502, 551 
Bivium 577 
Bladderworm 239 
Blade 266, 268 
Biastocoel 182, 587 
Blastoidea 576 
Blastomeres 182 
Blastopore 622 
Blastcstylc 182, 205 
Bias tula 182, 587 
Blatella germanica 377, 378 
BUpharisma later itium 124 
Blepharoplasts 86 
Blochmann’s gland 545 
Blood, 49, 436 
Blood corpuscles 49 
Blood gills 483 
Blood glands 283 
Blood plasma 49 
Blood vessels 281 
Bombyx 409 
Bombyx fortunatux 409 


Bombyx meridional is 409 

Bombyx mori 409 

Bombyx textor 409 

Bomolochus 352 

Bone 49 

Bonellia 307 

Bone marrow 49 

Book lice 427, 428 

Book lungs 442, 443, 452 

Bopyrus 355, 356 

Bopyrus larva 355 

Bothriocidaris 606 

Bothriocidaroida 606 

Botryoidal tissue 290 

Bougainvillia 199 

Bowrletiella 422, 469 

Brachial caeca 581 

Brachial ossicles 598 

Brachidium 651 

BrachidrUus 321 

Brachiolar arms 624 

Brachiolaria larva 586, 587 

Brachionus 82 

Brachiopoda 650 

Brachystomia 552 

Bract 206 

Brain 437 

Branchellion 306 

Branchial ganglion 540 

Branchial heart 540, 541 

Branchial lamella 435, 436 

Branchial nerve 540 

Branch iobdella 310 

Branch ionus 634 

Branchiopoda 460, 464 

Branchiostegal membrane 328 

Branchiostegite 328 

Branchipus 460, 465 

Branchiura 466 

Brick red gland 437 

Brownian movement 19 

Bryozoa 83, 655 

Buccal cavity 516 

Buccal commissure 521, 522 

Buccal ganglion 521, 522 

Buccal glands 516 

Buccal mass 516, 517 

Buccal plates 589, 594 

Buccal podia 588 

Butcidium 551 

Bugula 655, 656 

Bulla 567 

Bullia 551 

Bursalella 551 

Bursa 595 

Buthus 440, 463 

Butterfly 429 

Byssus thread 513, 514 
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Cadaster 606 
Caddo 463 
Cadlima 552 
Caeca 290, 293, 436 
Caecal artery 436 
Caenopedina 608 
Calamistrum 451 
Calandra 47 1 
Calandra oryzae 432, 500 
Calanoida 465 
C alanus 465 
Galcarca 159 
Calcispongiae 159 
Caligoicla 460, 466 
Caligus 353, 460, 466 
Caliphylla 552 
Callianira 201 
Callistochiton viviparus 507 
Callopora 656 
Callyspongia 159, 160 
Calthrops 166 
Galycophora 201 
Galyssozoa 82, 633 
Calyx 597, 633 
Gamarodonta 606 
Camera ta 606 

Campaniform stress receptor 391 
Campodea 469 
Canal of Laurer 229 
Canal of Simroth 620 
Canal system 162, 163 
Aphodal 163 
Ascon 162 
Diplodal 163, 164 
Eurypylous 163, 164 
Lexicon 163 
Rhagon 164 

Syconoid (Stage 1) 162, 163 
Syconoid (Stage II) 163 
Canaliculi 49 
Cancer 342, 468 
Capillary plexus 294 
Caprella 350, 352, 467 
Carapace 327, 328, 342, 435 
Carausius 470 
Carbohydrates 8 
Carchesium 127, 129 
Carcinoscorpius 434 
Carcinus 342 

Cardiac diaphragm 367 
Cardiac stomach 581 
Cardinal process 65 1 
Cardio-pyloric strand 332 
Cardiwn 554 
Cardo 370 
Carinal ossicAs 598 


Gameyella 607 
Carnosa 160 
Carolina 557 
Carpus 329 
Cartilage 49 
Carusius 424 
Carybdeida 199 
Caryocystites 606 
Caryophyllia 210 
Cassidaria 552 
Cassiduloida 606 
Cassidulus 606 
Caterpillar 429, 430 
Caudal spine 434, 435 
Caudina 606 
Cavoline 552 
Cedar is 618 
Cell 3, 23 
Cell biology 23 
Cellulose 10 
Cement glands 634 
Cenia 551 
Central disc 594 
Central plate 578, 594 
Centre chirtus 602, 603 
Centriole 27 
Centrodorsal ossicle 597 
Gentrodorsal plate 594 
Gentrohelida 124, 131 
Centromere 38 
Centrosome 27 
Centrostephanns , 610 
Gephalaspidea 552 
Cephalic aorta 519 
Cephalic appendages 378 
Cephalic capsule 360 
Cephalic lobes 3b0 
Cephalic plates 360 
Cephalic vessels 335 
Cephalocarida 464 
Cephalodiscus 650 
Cephalopoda 502 
Cephalothorax 327, 434, 441 
Cera t a 561 
Ceratium 73 
Ceratosa 159 

Cerebral commissure. 52 1 , 522 

Cerebral ganglia 52 1 , 522 

Cercaria 232 

Ceriantharia 260 

Cerianthus 200 

Cerithium 55 1 

Ceslidea 200 

Cestoda 245, 246 

Cestodaria 245, 246 

Cestus 200 

Choetoderma 549, 550 
Chaetodermomorph? 549, 550 
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Chae togas ter 306' 
Ghaetognatha 82, 639 
Ghaetopleura 549, 550 
Chaetopoda 265, 309 
Gkaelopterus 304, 305 
Chagas disease 92 
Ghallengeron 124 
Charna 549, 550 
Chambered organ 598 
Chaos 130 
Chary bdaea 200 
Cheilostomata 656 
Chelentoptera 470 
Gheliccra 435 
Ghelicerata 459 
Chelifer 463 
Chiasma 40, 42 
Chiastoncury 566 
Chilina 568 
Ghillaria 435, 477 
Chitodochona 133 
Chilognatha 468 
Chilomasttx 126 
Chilomonas 126 
Chilopoda 468 
Chiridota contorla 622 
Chiton 503, 550 
Chitonaster 607 
Chilonellus 610 
Ghitonina 550 
Chlamydomonas 130 
Chiidonophora 653 
Ghloragogen cells 278 
Chlorohydra viridissima 1 72 
Ghloromonadida 125, 126 
Ghloroplast 85 
Ghoanocyte 154, 155, 16 J 
GhoanoflagcUida 121, 123 
Chondrin 49 
Chondrioblasl 49 
Chondrocan thus 352, 353 
Chonotrichida 125, 126 
Ckordeuma 469 
Ghordcumida 469 
Ghordotonal organs 492 
Choriplax 550 
Ghoristida 160 
Chromaffin cells 57 
Chortogonus 460 
Chromatids 35 
Chromatin 29 
Chromatophorcs 538, 589 
Chromosome 29 
acrocentric 37 
metacentric 37 
polycentric 37 
telocentric 37 
Chromulina 126 


Chrysalis 429 

Ghrysomonadida 121, 122, 123 

Cibarium 478 

Cicado 472 

Cidaris 608 

Gidaroida 606 

Cilia 141 

Giliatea 125 

Ciliated tunnel 456 

Ciliated organ 296 297, 3 1 3 

Ciliophora 125 

Cimex 426, 472 

Cirrex Uctularius 427 

Cinclidcs 191, 192 

Cingulum 277 

Circulatory system 63 

Circumentcric nerve ring 338 

Circumfluence 144 

Circumocsophageal connective 337, 338 
GircumoesopUageal haemal sinus 593 
Gircumstomodaeal vessel 367 
Gircurnva llation 144 
Gircumvallcte papillae 57 
Cirotundatus 426 
Cirphis albistigma 499 
Cirral 598 
Cirri 597, 599 
Cirripcdia 466 
Cirrofenthis 609 
Cirrus 266. 267 
Cl ado cop a 465 
Classification 70 
artificial system 70 
nature system 70 
Clathrina 159, 160 
Ola th ropy .vide l la 125 
Clatkrulina 124 
Clavopora 656 
Clavularia 75 
Cleavage 182 
Gliona 160 
Clione 549 
Clitellum 277 
Ctoacal gills 561 
Clonorchis 235 
Cly peas ter 602, 603, 606 
Clypeastroida 606 
GJypeus 41 8 
Clytia 75 
Cnemidactis 607 
Gnidaria 171 
Gnidoblast* 174, 546 
Cnidoctl 1?4 
Cnidosacs 546 
Cnidospora 125, 126 
Ooagulocytcs 387 
Coccidia 124, 125, 13^ 
Coccolithophorida 1 32 
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Coccolithus 126^ 129 
Cocoon 288 
Codas&r 611 
Codomlla 134 
Codosiga 127 
Codentcrata 2 1 5 
Goelenteron 171 
Coeloblastula 219 
Goclom 267 

Coelomic epithelium 589 
Godomic fluid 267 
Gocloniic nervous system 585 
Godomic vesicle 3 1 2 
Codoinocytes 592 
Codomoduct 312 
Goclomostome 64 1 
Coelopleurus 608 
Coelosporidium 132 
Goencnchyma 2 1 1 
Cocnosarc 184 
Gollcmbola 469 
Collenchyma 217 
Gollcncyte 162 
Golleoptera 470 
Colic terial gland 393, 39 [ 
Golloblnsts 217, 2 18 
Colloids 19 
ColJophora 479 
Gollostyle 530 
Collum 474 
Golumdla 210, 515 
Gollumcllar musde 51 
Comb plates 2 1 7 
Commensals 120 
Corn/wnotus compressus 133 
Compounds 18 
Concentric plates 594 
Conch tolin 508 
Conchophthirus 133 
Condyles 378 
Cone cells 339, 340 
Cone sensilla 375 
Congestin 209 
Conglobate gland 393, 391 
Conjugants 1 1 5 
Conjugation 1 1 5, 1 1 6 
Connective tissue 47 
Cowdadus 610 

Contractile vacuole 96, 97, 1 13 
Contractile vesicle 1 1 3 
Conus 552 
Convoluta 76, 247 
Cooperidiscus 611 
Gopepoda 465 
Copulatory bursa 250 
Copulatory pouch 407, 409 
Copulatory styfcts 343 
Coral 209 


Coral reefs 2 1 1 

Corallines 655 

Coralliic 209 

Corallium 209 

Corallum 209 

Cornea 339, 340 

Corncagcn cells 339. 340, 437 

Cornu 636 

Corolla 552 

Corona 587, 640 

Corona cilia l a 640 

Coronal muscles 185 

Coronal a 201 

Coronida 467 

Corpora allala 499 

Corpora rardiaca 499 

Corpus bit cum 58 

Cortex 57 

Cory dalis 47 I 

Costa 210 

Cothumocystis 610 

Coxa 44 1 

Coxal glands 436, 445, 452 
Coxoplcural glands 445 
Crania 653 
CranieUa 74 
Craniscus 653 
Grihellosa 606 
Cribcllum 451 
Cricket 424 
Crinoidca 576 
Crista slatica 542 
Cristac 26 
Cristatella 657 
Grithidial form 91 
Crop 290, 530 
Crura 636 
Crural glands 457 
Crustacea 460, 464 
Crypiochiton 504 
Gryptomedusoid 200 
Cryptomitosis 151 
Cryptomonad in a 1 2 5 
Cryptomonas 125 
Cryptoniscus 355, 461 
Cryptoplax 503 
Cryplostomata 656 
Crystalline cone 339, 3 10 
Crystalline style 509 
Cteniccra 478 
Ctenidium 510, 511 
Ctenocephalidcs cants 434 
Ctetiocephalides fells 434 
Ctenocephalus 471 * 

Ctenodiscus 602, 603, 606 
Ctenophora 216 
Ctcnostamata 656 
Cubomedusae 199, 201 
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Cucullus 474 
Cucumaria 604, 605, 625 
Cucumaria frondosa 604, 605 
Cucuntaria planci 604, 625 
Cucumaria saxicola 604, 625 
Culcita 618 
Culex 418, 471 
Cumacia 467 
Cumopsis 467 
Cuspidaria 55 1 
Cuticle 289 
Cuttle bone 538 
Cuttle fish 537 
Guvierian organs 593 
Cyamus 355 
Cycethra 608, 611 
Cyclas 552 
Cyclophyllidea 247 
Gyclopoida 460, 465 
Cyclops 348, 460, 465 
Cyclostomata 656 
Cydippidea 216, 220 
Cylichna 552 
Cymodoce 355 
Cymothoa 355 
Gyolosis 1 ] 3 
Gyphonautes larva 656 
Cypraea 547, 55] 

Cypridina 465 
Cypris 348, 465 
Cypris larva 496 
Cyst 100 
Cystaster 606 
Cystidean larva 626 
Cysticcrcus 239 
Cystidea 576 
Cystidium 126 
Cystoblastus 610 
Cyston 205 
Cyiherella 465 
Cytokinesis 38, 41 
Cytology 23 
Gytopharynx 112 
Cytoplasm 25 
Cy topyge 1 1 8 
Cystidea 606, 610 
Cytostome 120 


Dactylopore 205 
Dactylozooids 203, 205 
Dactylus 329 
Danalia 355 
Daphnia 347, 465 
Darwinula 465 
Decapoda 468, 553 


Deima 606 
Demodex 464 
Demode x follicular um 500 
Demospongiae 159 
Dendochirota 606 
Dendrocystites 6 1 0 
Dendrites 52. 53 
Dendrogaster 466 
Dendropoura 551 
Dental iwn 549, 550 
Denticles 436 

Deoxyribonucleic acid (DNA) 12 

Dermestes 430 

Dermal pores 577 

Dermis 589 

Dcrrnoptcra 471 

D troche Hoc ar is 348, 465 

Dcsmonemc 208 

Desmopterus 552 

Desniothoracida 127 

De torsion 566 

Deuterostornia 70 

Deutocerebrum 374, 375, 457 

Deutrostomata 626 

Dcxtral 515 

Diadem a 603 

Diakincsis 39, 40 

Dialyncury 565 

Diapause 401 

Diapheromera 424 

Diaphragm 388, 442, 634 

Diaptomus 465 

D lusty l is 467 

Diatroea venasata 499 

Diaulic forms 571 

Dibnthriocephalus latum 242 

Dibranch iata 553 

Dictvocha 125 

Dictyoptera 470 

Dictyostelium 128, 130 

Didinium 125, 128, 129 

Diductor muscle 652 

Dijftugia 130 

Diffused trachea 485 

Digenea 245, 246 

Digestive caeca 581 

Digestive glands 530 

Digestive system 63 

Dimorpha 129 

Dineutus 47 1 

Dinoflagcllida 143 

Dioptrical region 339 

Dipsacaster 607 

Diphyes 199 

Diphyllobothrium latum 241, 242 
Dipleurula larva 622, 623 
Diploblastica 171 
Diplomonadida 125 
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Diplonema 39 ^ 
Diplopoda468 
Diploporita 606 
Diplosolen 656 
Diplostichus eye 447 
Dipiostraca 465 
Diplotcnc 39, 40 
Diplura 469 
Diptera 471 
Disaccharides 8 
Discina 653 
Discinisca 653 
Discoaster 128 
Discomcdusac 199, 201 
Discomorpkella 128 
Discus proligerous 58 
Dissepiment 210 
Distioproboscis 404 
Divaricate r muscle 652 
Doliolaria larva 601 
Doris 545, 552 
Dorsal aorta 294 
Dorsal ciliated organ 272 
Dorsal pores 285 
Dorsal sac 584 
Dorsal sinus 336, 367 
Doublure 360 
Dracunculoidca 2-59 
Drive tine Jus 259 
Dracunculus medinensis 259 
Dragon fly 426 
D-shaped spiracle 417 
Dugesia 76 

Dysdmus cingulatus 500 
Dyscolia 653 


Earias fabia 500 
Earwig 424 
Ebria 129 
Ebriia 129 
Ecardines 653 
Ecdysis 326 
Echinaster 606 
Echinaster purpureus 618 
Echinocardium 604, 605 . 
Echinococcus 239 
Echinococcus granulosa 239, 240 
Echinocucutnis 605 
Echinocyamus 606, 618 
Echinocyamus pusillus 618 
Kchinodermata 575 
Echinoidea 576, 606 
Echinoneus 604 
Echinoplutcu8 623, 625 
Echinorfynchus 82 
Echinosphaerites o06 
Echinosoma hdplacMtha 608 
43 l vol. i, 76] 


Echinus 587, 612 
Echiurida 310 
Echiurus 307 
Ectobius pallidus 378 
Ectobius panzeri 378 
Ectocotyla 245 
Ectoderm 173 
Ectognatha 469 

Kctoncural nervous system 585, 621 
Ectoplasm 25 
Kdrioasteroidea 576 
Edwardsia 201 

Efferent branchial channels 336, 540 

Efferent branchial veins 540, 541 

Kgcstiou 145 

Egg shell 231 

Eimeria 127 

Eisenia 306 

Ejaculatory duct 301, 302 
Elasipoda 606, 618 
Elastic fibrils 85 
El as tin 48 
Elements 15 
Elephantiasis 257, 258 
Eleutherozoa 606 
Elphidium 103, 104 
I'.lpidia 606 

A7r.ua 552 
Elytra 479 
Etnoia 470 
Krnbioptera 470 
Embryophore 239 
Emulsion 18 
Ena 552 
Enaimn 69 
Encystmcnt 99 
laid brush 52 
End sac 337, 486 
Endite 329, 361 
Endocrine system 64 
Endocuticle 371, 442 
Endocyclica 606 
Endodcrm 173 
Endogastric curvature 567 
EndomLxis 150 
Endoplasm 25 

Endoplasmic reticulum 25, 26 
Endopodite 329 
Endoprocta 633 
Endoskeleton 61 
Endofiterniic 436, 412 
Endothelial layer 58 
Energy 1 6 # 

Entamoeba histolytica 100 
Enterobius 77, 259 
Enterobius vermicularis 258 
Enterocoel 587 
Enterocoelic pouch 587 
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Enteronephric* nephridia 285 
En toco lax 552* 

Kntoconcha 552 
Entodiniomorphida 128 
Entodinium 128 
Entognatha 469 
Enzymes 18 
Eocanthocephala 688 
Eosentomon 469 
Eosinophil 50 
Eothuria 609 
Ephemera 426, 470 
Ephcmeroptera 470 
Ephestia kuhniella 500 
Ephyra 189, 190 
Epicaridium larv a *197 
Epicuticic 370, 435 
Epidermis 589 
Epididymis 301, 302 
Epigastric furrows 450 
Epigastrum 450 
Epigynum 451 
Epimeron 330 
Epincural canal 591 
Epipharyngeal glands 57 1 
Epipharynx 450 
Epipodite 329 
Epipodrum 557 
Epiproct 381 
Episarc 210 
Episternum 416 
Epistome 82, 645 
Epitaenia 516 
Epithcca 210 
Epithelial tissue 46 
Epitheliomuscular cells 1 74 
Epithelium 46 
Brush border 47 

Ciliated 46 
Columnar 46 
Cuboidal 46 
Flattened 46 
Stereo-ciliated 46 
Squamous 46 
Epitoke 27 
Eremicaster 607 
Eremobates 463 
Ergasilus 465 
Ergastopiasm 26 
Erich thus larva 497 
Ericthoidina larva 49 ( 7 
Erpobdellidae 310 
Errant ia 309 
Erythrocytes 49 
Erythrocytic cycle 107 
Esthenia 465 
Esthetes 506 

Ethyneurous condition 565, 566 


Eucarida 467 
Eucaryotic cell 28 
Eucidaris 606 
Eucladia 610 
Euclasteroida 6 1 3 
Eucoccida 127 
Eucoccidium 127 
Euchromatic 29 
Eucyclops 465 
Eudactrlhia 466 
Eudendrittrn 206 
Euglena 85 , 87. 88 
Euglcnida 127 
Euglenoid movement 87 
Euglypha 128 
Eugregarinida 125. 126 
Eukaryotic 28 
Eukoenenia 463 
Eulamellibranchiata 549, 5 
Eumcdusoid form 206 
Eumitosis 151 
Eumycetozoida 1 2 7 
Eunice 78 

Etipagurus 350, 35 J, 468 
Enphausia 468 
Euphaus iacea 468 
Euplanaria 246 
Eupleciella 74 
Eu pyrene sperms 524 
Euryalae 606 
Enryale 606 
Eury tele 208 
Euspongia 154 
Excretory canal 249, 250 
Excretory duct 249, 2:50 
Excretory system 63 
Exflagellation 108 
Kxhalant siphon 508 
Exocuticlc 371, 442 
Exocyclica 606 
Exo-eryth racy tic cycle 107 
Exogastric curvature 567 
Exoncphric nepliridia 285 
Exopodite 331 
Exoskeleton 61 
Extracellular digestion 179 
Exumbrella 184. 185 
Eyes compound 438 
Eye worm 259 

Facial sutures 360 
Falcrum 360, 635 
Fasciculi 51 
Fasciola hepatiea 229 
Fasciolopsis buski 235 
Fat bodies 382 
Felix domestica 1 1 
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Feimtella 656 
Fibroblasts 48 
Fibroin 451 
Fibrous tissue 48 
Fibularia 610 
Filaroidea 259 
Filibranchiata 549, 551 
Filiform papillae 57 
Filoptxlium 141 
Filosia 127 
Filter plate 332 
Fissurella 551 
Flagellum 141 
Flame bulb 230 
Flame cell 230 
Flexibilia 606, 613 
Float 206 
Foettingaria 128 
Food cup 98, 99 
Food vacuole 96. 97 
Foot 503 

Foramen magnum 474 
Foraminilcrida 127 
Forbesiocrinus 606 
Forcipularia 606 
Forcgui 371 
Forficula 47 1 

ForJUula auricularia 424. 471 
Formative vocuulr 1 14 
Formica 433, 47 1 
Formica tufa 433 
Frederick la 657 
Fringing reef 212 
Frontal organ 437 
Functional nuclei 116 
Fungid 2 1 1 
Fungiform papillae >7 
Funicular cords 655 
Funiculus 656 
Funnel 206 
Frons 369, 370 
Frontal organ 493 
Fronto-gena] sutures 378 
Furcula 422 
Fits inns 551 

G 

Galathca 644 
Galathealitcm 644 
Galea 396 
Galeodes 463 
GaUolaria 308 
Gamete 1 10 
Gametocyst 110 
Gametocytes 110 
Gametogenesis T 1 5 
Gammarus 350 35£, 467 


Gamogony 150 
Gamonts 108, 109 
Ganeria 608 
Ganglion 285 

Ganglia. Suboesophagcal 286 

Ganglia. Supra oesophageal 285 

Ganilus 552 

Gas glands 206 

Gastric ganglion 540 

Gastric haemal tufts 584 

Gastric ligament 581 

Gastropoda 502, 551 

Gastro pores 205 

Gastropteron 566 

Gastrozooids 184, >01 

Gastrula 182. 183 

Gelasimus 79 

Gemmulos 157 

fieri ae 360 

(icnes 29 

Genital alriun 228, 238 
Genital bursa 596 
Genital canal 600 
Genital cords 600 
Genital operculum 435 
Genital plates 589 
Genital rachis 600 
Genital sternite 368 
Genital stolon 594 
Genital styles 364 
Genitalia 392. 393 
Genus 70, 71 
Geoph ilomorpha 468 
Geophilus 468 
GepUyrotlmria 60‘* 

( rerm cells 38 
German a. 230 
Gcrmarium 636 
Germinal vesicle 58 
Gcwnula 394 

Gesotiula putufi/nm k 402, 403 
Giadella 353 
( Hard in 89 

Giardia infest mat is 89 
Giganlorhynchus 638 
Gills 435, 436 
Gill chamber 333, 334 
Gill cover 333. 334 
Gill lamellae 510 
Gill laminae 510 
Gill-root 333 

Gizzard 279, 280, 436, 538 
Glabella 360 
Gland cells 177 
Glands 47 
apocrine 47 
endocrine 47 
exocrine 47 
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Glands {contd . ) 
holocrine 47 
merocrine 47 
saccular 47 
tubular 47 

Glandular appendages 581 
Glandular epithelium 47 
Glisson’s capsule 58 
Globulus 492 

Glochidium larva 513, 514 
Glossiphonia 307 
Glotiidia 653 

Giutinant nematocysts 208 
Glutinant stcreolinc 208 
Giutinant strep toline 208 
Glycera 310 
Glycogen 9 
Glyptocystites 6 1 0 
Gnathia 355 
Gnathobases 435, 441 
Gnathobdellida 310 
Gnathochilarium 491 
Goblet cells 578 
Golfingia 308 
Golgi apparatus 26 
Gonad 600 
Gonapophyses 476 
Goniocidaris 610 
Goniopecten 609 
Gonodendron 205 
Gonoduct 591 
Gonopalpon 205 
Gonophores 204, 206, 591 
Gonopods 370 
Gonopore 591 
Gonosiphon 205 
Gonostyle 205 
Gonotheca 184, 185 
Gonozooids 184 
Gonyostomurn 125 
Gordius 637 
Gorgonaria 200 
Gorgonia 200 
Gorgonocephalus 594 , 604 
Graafian follicles 58 
Granuloreticulosia 127 
Graptolithida 200 
Green glands 329 
Gregarina 132 
Gregarine movement 109 
Gromia 127 
Gromiida 127 
Growth 5 

Grylloblatla 424, 4 70 
Grylloialpa 423, 424, 470 
Guanin 285 
Guanine cells 452 
Guiding ridge 332 


Guinea-worm 259 
Gullet 85, 86 
Gustatory organs 542 
Gutter 312 
Gymnasterias 607 
Gymnodinium 128 
Oymnolaemata 656 
Gymnostoma tida 128 
Gyrocotyle 245, 246 
Gyrccotylidea 245, 246 

H 

H-band 51, 52, 382 
Haemadipsa 306 
Haemal complex 583, 584 
Haemal plexus 584 
Haemal ring, 584 
Haemal sinus 584, 593 
Haemal system 575, 583 
Haemococl 291, 312 
Hacmocoelomic channels 290 
Haemocoelomic fluid 291 
Haemocoelomic spaces 336 
1 lat- mocyanin 49. 335 
Haemocytes 366. 592 
Haemo flagellates 90 
Haemoglobin 49 
Haemopsh 306 
Hairworm 259 
Halichondria 159 
Halichondrina 159 
JIalLlona 74 
Her liot is 551 
Ifalistemma 198 
Haltercs 479 
Hal ter ia 128 
Hanleya 550 
Haplosclerina 160 
Haplosporca 127 
Haplosporida 127 
Hap lospori diurn 127 
Harpacticoida 465 
Harpes ungula 359 
Hastate plate 332 
Haustoria larva 572 
Haversian canals 49 
Head capsule 369 
Head sinus 506 
Heart 281, 436 
Hcctacotylization 538 
Hcctacotylized arm 538 
Hedylopsis 552 
Helianthaster 607 
Heliaster 60 1 
Helicosporida 127 
Helicosporidtum 127 
Hefiothis armigera 499 
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Heliothrips 472 
Heliozoia 127 
Helix 80 

Helminthoglypha dupetithourasi 557 
Helodrilus 311 
Helopeltes theiovora 499 
Hemiarthrum 550 
Hemimixis 150 
Hemimysis 467 
Hcmipneustic 485 
Hcmizonida 606 
Hemmulc 422 
Henricia 608 
Hepatic caeca 581, 599 
Hepatic spines 328 
Hepatobrachia 644 
Hepatopancreas 333, 482 
Hepatopancreatic artery 335 
Hermaphrodite 301 
Hermaphroditic duct 534 
Hermaphroditic gland 534 
Herpetomonas 129 
Herpobdella 309 
Hcrpobdellida 30$ 

Hesione 323 
Heterochlorida 128 
Heterochloris 128 
Heterocoela 159 
Ileterojapyx 469 
Heteromcdusoid form 206 
Heteronereis 273 
Heteroptera 472 
Heterostclea 576, 606 
Heterotrichida 128 
Heterotrichous 208 
Hderotrichous microbasic 208 
Hexacanth 239 
Hexacorallia 201 
Hexactinellida 159 
Hexagcnia 470 
Hexamastix temopsidh 126 
Hcxapoda 469 
Hcxasterophora 159 
Hitroglyphus 470 
Hind gut 372 
Hinge ligament 508 
Hinge line 508 
Hinge teeth 508 
Hippa 350, 351,468 
Hirudin 314 
Hirudinaria granulosa 288 
HJrudinea 309 
Hirudo medicinalis 307 
Hispa armigera 499 
Histomonas 127 
Histamonas meleagridis 146 
Histone 29 
Holectypoida 006 


Holectypus 606 
Holmia 359, 362 
Holobranchiate eyes 358 
Holobranchiate gills 560 
Hoiochroal eye 361 
Holocrine gland 47 
Hologamy 150 

Holomastigotoides hemigymnum 126 
liolomia kjerulfi 359 
Holonephridia 320 
Holophytic nutrition 87 
Holopncustic 485 
Holothuria 591, 606 
Holothuroidea 576, 606 
Holotrichia 128 
Holotrichous isorhiza 208 
Holotrophic nutrition 145 
Holotype 72 
Holozoic nutrition 97 
Homarus 349, 468 
Homocoela 159 
I fomolodromia 347 
Homologous organs 69 
Homonymy 72 
Homoptcra 472 
Homotrichous microbasic 208 
Ilomotrichous nematocysts 208 
Honey 408 
Honey sac 406 
Hood 639 
Hooks 236, 237 
Hoplocarida 467 
Ifortniphora 2 1 6 
Hormone 64 
Hudsonaster 606 
H' tchinsoneilla 460, 464 
Hyalonema 74, 160 
Hyaloplasm 25 
Hybocystites 606 
I lyalospongiae 1 59 
Hydra 172 
Hydra fuse a 1 72 
Hydra grisea 172 
Hydra vulgaris 1 72 
Hydranioeba hydroxena 172 
Hydratina 636 
Hydratuba 189 
Hydrocaulus 183, 184 
Kydrocoel 587 
Hydrocorallina 200 
Hydroctena 221 
Hydroidea 200 
Hydrolysis 9 
Hydrophyllium 206 
Hydroreceptor organ 375. 376 
Hydrorhiza 184 
Hydrothcca 184 
Hydrostatic skeleton 317 
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Hydrozoa 199, 200 
Hydrula 185 
Hydroreceptor 375 
HymenoUpis nana 24 1 
Hymenoptera 471 
Hymcnostoinatida 1 28 
Hypermastigida 127 
Hyperparasitism 134 
Hyphalaster 607 
Hypnotoxin 175 
Hypodermis 442 
Hypogyrmm 381 
Hyponeural system 585 
Hypopharynx 363, 418, 478 
Hypostracuni 515 
Hypostome 1 7 1. 173 
Hypotrichida 128 


leery a pure hast 493 

Idiochromatin 136 

Ike da taenia ides 307 

Imaginal discs 417 

Imperforate corals 2 1 1 

Import 144 

Inadundata 606, 61 1 

Inarticulata 653 

Incisor process 329 

Incus 635 

Infrabasal 616 

Inferior caeca 341, 345 

Infrain testinal ganglia 521, 522 

Inframarginal ossicles 578 

Infra species 70 

Inhalant siphon 508 

luges don 144 

Initial lobe 296. 297 

Ink sac 539 

Insccta 461, 469 

Insertion plates 504 

Insertion teeth 504 

Instar 401 

Integumentary nephridia 284 
Integumentary system 61 
Intcrambulacral areas 575, 588 
Interfilamcntar junctions 510 
Interlammellar junctions 510 
Intermesenteric chamber 191, 192 
Intermoult 346 
Internal madreporitc 618 
Interradia] canal 2 If? 

Interradial plates 578 
Interradii 577 
Interstitial cells 174 
intestinal caeca 436, 581 
Intestine 436 
Interambulacra 588 


Intracellular digestion 1 79 

Intromittent organ 493 

Introvert 655 

Invagination 1 45 

Irregularia 606 

Ischiopodilc 344 

Ischium 329, 330 

Ischnura 470 

Islets of Laitgcrhuns 57 

[sot r inus 80 

Isogamy 1 50 

Iscmers 8 

I soper la 470 

lsopoda 467 

lsoptcra 470 

Isorhi/.u 208 

Isorophus 61 ] 

Isotoma 169 
Jsotonia 422 


Janthina 551, 565 
Jarunna 550. 552 
Jaws 478 
Julida 16 1. 169 
joins 461 , 469 
Juvenile hormone 499 

K 

hatinga 552 
Kata holism 4 
Keber’s gland 5 1 2 
Keiitrogen larva 356, 497 
Kero no. pedi cuius 1 72 
Kidney 57 
Kim: toe here 35 
Kinctoplastida 125, 129 
Kowalevesky’s corpuscles 367 
Krohnittella 639 
Kusmi lac 428 


1 .abelluni 4 1 8 
Labial glands 482 
Labial palps 509 
Labial plexus 599 
1 Mbiostomella 656 
Labium 331, 418 
Labi um 331, 361, 418 
Labyrinth 486 
Labyrinth sac 486 
Ijahyrinlhi la 127 , 131 

Labyrinthulia 127, 131 
Labyrintliulida 127, 131 
Lac. 428 
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Lac culture 428 

i 

Lac insect 427 
Lacazella 653 
Lacinia 396 
Lacunae 436 
Lactmogone 609 
Laganum 603, 604 
iMmellisabella 642 
Lamina 510 
Lanceolate plate 332 
Lange’s cords 62 1 
Lange’s nerve 5 BO, 5B5 
Lantern of Aristotle 589 
Larval organ 5B7 
Lasidium larva 572 
Lateral artery 436 
I -a ter a 1 vessel 436 
Latimer ia 78 
Latrodeclus 449. 463 
Laura 355, 466 
Laurer’s canal 229, 231 
Leishmania 90, 94 
Leishmania brasiliensis 94 
Leishmania donovorni 94 
leishmania tropica 5 i 
Leishmanial form 90 
Lenin isci 638 
Lens 437 
Upas 349, 460 
Upulaclis 607 
Lepidocentroida 606 
LepidopJeuriua 5-9, '*50 
Lepidopleurus 549, 550 
Lcpidoptera 471 
Upidurus 465 
Lepisma 422, 423, 470 
Lepisma saccharina 422. 123 
Uptas terms 576 
Uptoconsa acuta 499 
Leptocorisa ver harms 422, 424 
Leptodora 465 
Leptomonad forms 91 
Uptomyxa 127 
Lcptoncma 39 
Leptosynapta 609 
Lepiotene 39 
Leptothcca 132 
Lernaeorera 460, 466 
Lernacopodoida 460. 466 
Lernaea 353, 460, 466 
Lesteira 354 
Lestes 470 

Leucocytes 49, 27B 
Leucosolenia 154 
Lcydig cells 5B 
Lichomolgus 352 
Lightiella 460^164 
l.imai ina 546 


Limax 552 
Limnaea 552 
IAmulus 434, 439, 462 
Limulus polyphenus 434 
Linckia 622 
lanes of growth 50B 
Lingua 370 
Lingual papillae 57 
Lingual ribbon 516 
Lingula 653 
Lipids 10 

Compound lipids 10 

Derived lipids 10 

Glycolipids 10 

Simple lipids 10 
Liriopsi .» 467 
Lissachalina 527 
Lithobiomorpha 468 
Lilhobius 468 
Lithocyst 185 
Lithobiomorpha 468 
Lithorina 551 
Liver 58 
Liver rot 229 
Ijoa 77 
Loa loa 259 
Lobata 220 
Lobiger 552 
Lobopodium 141 
Lobosia 127 
Locust 422 

Locusta migrator in 422, 470 
Loligo 547, 548 

Longitudinal binary lission 88 

Longitudinal sinuses 436 

Looping movement 178. 179 

Lophomonas 127 130 

Lophophoda 65 / 

Lophophorata 648. 653 

Lophophorc 645 

Lophopus 657 

Lorica 634 

Lcrieata 550 

IjHtia 551, 552 

Louse 432 

Lovell's larva 571 

l.ovenicystis 6 1 0 

Uxo soma 633 

Lucernaria 201 

Luciferase -431 

Luciferin 431 

Lucina 554 

Linda 603 

Lttmbricns 310 

Lungs 57 

Lyco ui 449 

Lymph 51 

I .ymphoevte 50 
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Lymphatic threads 367 
Lysosome 27 

M 

M-linc 51, 52, 382 
Aiachilis 470 
Alacracanthorhynciis 638 
Macrobasic amastigophorc 208 
Macrobasic mastigophore 208 
Alacrobiotus 470, 472 
Macrogamete 108 
Macrogametocytc 108 
Macromercs 219 
Afacromia 426 
Macronucleus 119 
Macropharyngea 219, 220 

Aider o trichomonas light i 126 
Macrozooids 205 
Macula 360 
Macula statica 542 
Aladrepora 201 
Madreporaria 20 1 
Madreporic canal 581 
Madreporic vesicle 584 
Madreporite 577, 581, 594 
Afagellania 650 
Maggot 417 
Aiagilus 551 
Malacostraca 466 
Malacozoa 553 
Mala gnathochi lari n 370 
Malaria 105 
Malarial parasite J05 
Malleus 635 
Mallophaga 461, 472 
Malpighian corpuscles 57 
Malpighian tubules 419 
Mandible 329 

Mandibular arteries 335, 336 
Mandibular glands 482 
Mandibular palp 329 
Mandibulata 459, 464 
Ai antis 470 
AI antis pa 471 
Mantle 503, 508 
Mantle canal 651 
Mantle cavity 569 
Mantle girdle 503 
Mantle groove 503 
Manubrium 171, 635 
Manus 441 

Aiargaritifera 573 % 

Marginal sense organ 188 
Marginal artery 436 , 

Marginal nerve cord 585 
Afarginella 573 
Mas tax 82, 635 
cardate type 636 


forcipate type 636 
incudatc type 636 
mallcate type 635, 636 
ramatc type 636 
submalleatc type 636 
uncinate type 636 
virgate type 636 
Mastigophora 125 
A fasti goproctus 463 
Matrix cell 48 
Matter 15 
Maxilla 328 
Maxillary gland 482 
Maxillary organs 492 
Maxillipeds 328 
Maxiilula 328 
A iayatrichia 47 1 
May fly 426 
Afetindrina 2 1 1 
Mecoptera 471 
Median ventral artery 436 
Medulla 57 
Medusa 171 
Medusa buds 184 
Mcgalcsthetes 506 
Megalop a 497 
Mega! op ores 506 
Megalosphcric forms 104 
Megaloplera 47 I 
Mcganephrida 320 
Megascoiecidae 32 I 
j\ I egos <:o lex 306 
Ategascolides australis 3 I 1 
Megellania 653 
Meiosis 38 
Meissner's plexus 58 
Afelanitis ismtne 499 
AI cl eag? itia 551, 57 3 
XI el i cert a 636 
Meloncchinoida 606 
Alelonechinus 606 
Mombrana granulosa 58 
Membrana propit a 58 
Xfenopon 472 
Mcntum 370 
Merobranchiatc gills 560 
Meroncphridia 320 
Merotrichous msicrobasic: 208 
Merostomata 462 
Merus 329 
Mesenchyme 162 
Mesenteric filaments 194 
Mesenteron 369, 370 
Mesentery 191, 192 

directive mesentery 191, 192 
primary mesentery 191, 192 
secondary mesentery 191, 192 
tertiary mesentery 191, *192 
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Mesentomeres 274 
Mesocoel 647 
Mesocrine gland 47 
Mesocystis 606 
Mesodermal band 568 
Mesogastropoda 549, 551 
Mesoglea 193, 194 
Mesopodium 551 
Mesosoma 442, 474 
Mesothorax 378, 380 
Mesozooids 204 
Mespilia 606 
Metabolism 4 
Metacercaria 232, 233 
Metacoel 647 
Aletacrinus 605, 606 
Metaecdysis 346 
Metagenesis 186, 

Metamercs 265 
Metamerism 3 1 2 
Mctanauplius 496 
Metanephridia 536 
Metanephromyxia 323 
Metanoturn 396 
Metaphase 38, 39, 40 
Mctapneustic 485 
Metapodium 551 
Metatarsus 450 
Metasoma 442, 474, 642 
Metasternum 396 
Metathorax 396 
Metazoea 497 
Microesthete 506 
Microbasis amastigophore 208 
Microbasis mastigophorc 208 
Mirrobuthus pusillus 440 
Mii rociona 74 
Murocyphm 609 
Microfilaria 256, 257 
Microgamctocyte 108 
Microgametes 108 
Micromeres 2 1 9 
Mitronephridia 320 
Micronucleus 118, 119 
Aficropetalon 609 
Micropharyngca 2 1 9 
Micropyga 609 
Microspheric forms 104 
Microsporida 127 
Microsporidca 127 
Microzooids 120 
Midgut 372 
Migratory nucleus 1 1 5 
Mi lax 552 
MdUpora 201 
Milleporina 201 
Minyas 201 + 

Miracidium 331**232 


Mitobaus 463 
Mitochondria 26 
Mitosis 35 
Mixocoel 382 
Mixonephridium 323 
Mixture 18 
Molar process 329 
Molecules 16 
Molgula 81 
Mollusca 502 
Molluscoidea (348 
Molpadonia 606 
Molpadia 606 
Monaulic forms 571 
Monaxonida 159 
Moniezia 241, 242 
Moniezia expansa 242 
Monocercomonas virrens 126 
Alonocystis 109 
Monocystis rostrata 110 
Monocyte 50, ‘M 
A lonographus 202 
Monopcctinate gills 518 
Monoplacophora 502, 549 
Monostichous eye 447 
Monstrilla 351, 460, 466 
Monos trilLoida 460, 466 
Alopalw 550 
Morula 189 
Mosaic vision 340 
Moulting 326 
Mouth 188, 288, 289, 591 
Mucocytes 278 
Mucous tissue 48 
Muller’s larva 250. 251 
Mutex 502, 551 
Muriform gland cells 578 
Afusea 415,471 
Muse a donuts tii a 415 
Atusca nebalia 41 5 
Alusca vicinia 415 
Muscles 51 
cardiac muscles 52 
smooth muscles 52 
striated muscles 52 
Muscular system 6 l 
Muscular tissue 51 
Mushroom gland 392, 393 
Alya 559 
Mycetozoa 135 
Mycetozoia 127 
Mydocopa 465 
Myoblasts 51 
Myofibrils 51 
Myonemes 87 
Alyosotm 82, 633 
Mysis 349, 461 , 497 
Myrianida 323 
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Myriastiches 609 
Afyrmeleon 471 
Mysidacea 46 1 , 467 
Mystacocarida 465 
Mytilus 80, 551, 55* 

Afyxidium 73 
Myxo trophic 146 
Myxospongida 160 
A fyxosporida 127 
Myxosporidea 127 
Myzostoina 310 
Myzostomidac 310 

N 

Nacella 551 
Nacre 573 

Nacreous layer 508, 509 

jSfaegleria 151 

Narcomedusa 201 

Nassarius 551 

Nasute 425 

Natica 551 

Nauplius 494, 495 

Nauplius eye 494 

Nausithoe 75, 201 

Nautiloidea 552 

Nautilus 548, 549, 552 

Neanthes 265 

Neanthes brandti 3 1 1 

Neanura 422 

Nearchaster 606 

jVearura 422, 469 

Nebalia 460, 467 

Nebaliacea 460, 467 

Nebaliopsis 460 

Nectocalyx 204, 205 

Nectonema 637 

Nectophore 205 

Nectonema 82 

Nemathelminthes 252 

Nematocyst 171, 194, 208 

Nematodes 252 

Nematomorpha 637 

Nemaioscelis 468 

Neobisium 463 

Neoeckirwrhynchus 638 

Neogastropoda 55 1 

Neogregarinida 127 

Neotanais 467 

Neomenia 549, 550 

Neomcniomorpha 549, 550 

Neopilina ewingi 536 * 

Neopilina galatheae 535, 536, 549 

Neotremata 653 

Nephila 449 

NepKridial canal 437 

Nephridiopore 271, 321 

Nephridium 283, 285, 319 


Nephridium, enteronephric 285 
Nephridium, exonephric 285 
Nephridium, peptic 285 
Nephrocytes 452, 488 
Nephromyxia 313, 323 
Nephrostome 271, 313, 319 
Nereis 265 
Nereis brandti 31 3 
Nereis diversicolor 269, 31 1 
Nereis dumerilii 265 
Nereis virens 270 
Nereis vilabunda 311 
Ncritirui 551 
Nerve cells 52, 53 
Nerve fibres 52, 53 
Nerve pentagon 585, 600 
Nervous system 63 
peripheral 437 
Nervous tissue 52 
Nervures 479 
Nettle 175 
Neurilemma 52 
No u ro lateral sinuses 506 
Neuroneme 1 1 2 
Neurones 52, 53 
Neuropedal sinus 506 
Noiiropodiuni 266, 267 
Neurosecretory cells 346 
Ncurosensory cells 578 
Neutrophil 50 
Nicoiboe 352, 353 
Nid a mental glands 543 
Nissl’s granules 52 
Noctifuca 129 
Nodes of Ranvier 52. 53 
Modulus 277 
No lei la 656 
Nomenclature 67, 71 
Nomens 198 
Nosema 134 
Noserna nouibiiis 1 34 
Notar chus 552 
Notaspidea 552 
Notioceramus 584 
Notochilon mirandus 507 
Notodclphyoida 466 
Nolodelphys 352, 466 
Notomyota 606 
Notoplana 76 
Noto podium 266, 267 
Notoptera 470 
Notospidca 552 
Notostraca 460, 465 
Nucella 551 
Nuchal lobe 516, 562 
Nucha) organs 273 
Nuclear membrane 29 
Nuclear sap 29 
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Nucleolus 29 , 

Nucleolonema 29 
Nucleotides 8, 1 1 
Nucleus 28, 29 
Nuctda 55 1 
Nuda 220 
Nudechinus 608 
Nudi branch 552 
Nutrition 4 

Nutritive muscular cells 1 76 

amoeboid nutritive muscular cells 176 
flagellated nutritive muscular cells 1 76 
Nuttallina 549, 550 
JSfutialochiton hyadesi 509 
Nyr (other us 73 
Nymph 426 
Mymphon 460, 464 
Aytnphula dcpunctal is 499 

O 

Ohelia 183 

Occipital ring 360 

Occipital sclerites 378 

Occlusor muse*" 652 

Ocelli 586 

Ocellus 586 

Ochromonas 127 

Octocorallia 202 

Octomitus 127. 129 

Oetopocla 553 

Octopus 548 

Octospinifer 638 

Ocular plates 588 

Ocular ridges 370 

Ocular tentacles 529 

Oculina 2 1 1 

Oculosida 127 

Odinia 606 

Odonata 470 

Odontaster 607 

Odontophore 516 

Odontostomatida 128 

Odontotermes obesus 499 

0 dontoter me s redemanni 424 

Odosbmia 552 

Occium 656 

Oeuocytcs 488 

Oe co phyla smaragdyna 433 

Oesophageal commissure 375 

Oesophageal pouch 517 

Oesophagus 516, 517 

Olfactory pits 542 

Olfactory setae 339. 491 

Oligobrachia 644 

Oligochacta 310 

Oligoncoptcra 47 1 

Oligopncustfc 485 

Oligopyre^e spsym 524 


Oligotrichida 128 
Oliva 551 

Omnia tidium 339, 340, 438 

Omnivorous 333 

Onchidella 551 

Onchidiacca 551 

Onc/iidiutn 546, 551 

Onchocera 259 

Onchospheie 239 

Oru'omelaniu 55 1 

Oneirophauta 609 

Oniscus 349, 467 

Onychophora 453. 459 

Oocyst 108 

Oocyte 182 

Ookinete 108 

Ootheca 393 

Ootype 233 

O patina 127 

( Ipalinc glands 545 

Opalinida J?7 

Opalinata 12 7 

Operculum 515, 516. 655 

Opheodesoma 604 

Op! tide ten sericum 595 

Ophiaclh virens 595, 618 

Ophiocistiodca 576, 606 

Ophioderma 604, 605 

Ophiomyxa 606 

Ophiopluteus 596, 625 

Ophiopluteus anwlatus 625 

Ophiopluteus metschnikoffi 625 

Ophiopluteus oblongus 625 

Opisthopalus 454 

Ophiura 594, 606 

Ophiuroidea 576, 606 

Qphtyocystis 1 2 V 

Ophthalmic artery 335 

Opiliones 4u0, 463 

Opisihobranchia 549, 551 

Opisthosoma 434, 441 , 462 

Oral arms 538 

Oral disc 192 

Oral groove 1 12 

Oral haemal ring 581 

Oral ossicles 578 

Oral papillae 454, 455, 456, 577 

Oral surface 576 

Oral valves 597 

Orchesella 469 

Ordinella 609 

Organ 3, 55 

Organ of Bojanus 512 

Organ of Tomosvar/ 492 n 

Organ of Valenciennes 559 

Orobdefla 310 

Orthoptera 470 

Os car el la 74 
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Osculum 155 
Osmoregulation 99 
Osphradium 512 
Ossicles 594 
Osteoblasts 49 
Ostia 155 
Ostracoda 465 
Ostracum 515 
Ostrea 551 
Ostrea edulis 55 1 
Otocysts 62 1 
Ottawacrinus 611 
Ovarioles 393, 394 
Ovary 287, 438, 591 
Ovicell 656 
Oviduct 287 
Oviger 464 
Oviparous 69 
Ovipositor 419, 477 
Ovisac 30 1 . 302 
Ovocytes 656 
Ovo- testis 533 
Oxcote 166 
Oxidation 26 
Oxyasters 166 
Oxymonadida 125 
Oxymonas 125 
Oxynoe 552 
Oxyuroidea 259 


Pachytene 39, 40 
Pachynema 39 
Pocky tylus cinarascens 422 
Palaeacanthocephala 638 
Palaemon 327, 328, 336 
Palaemon carcinus 327 
Palaemon lamarrei 329 
Palaemon malcolmsonii 327 
Palacchinus 6 1 2 
Palaeodiscus 606 
Palaeoptera 470 
Palaeosioma 609 
Palamnaeus 440. 463 
Pali 210 

Palinurus 350, 468 
Pallial lines 508 
Pallial nerve 5 1 2 
Palmella stage 88 
Palparifers 396 
Palpebral lobes 361 
Palpigradi 460, 463 
PaipileoMX 
Palpon 204, 205 
Paludicella 656 
Pancreas 57, 539 
Pandinus imperator 440 
Pandora 559 


Pandorina 129 
Panorpa 471 
Panthera leo 7 1 
Papillae 57 * 

Papilio krishrta 430 
Papulae 581 
Paranaspides 467 
Parabasal apparatus 142 
Paracarida 460 
Paracaudina 609 
Paracenlrotus 614 
Paragastric cavity 155 
Paraglossa 478 
Paragly cogen 109 
Paragnaihs 268 
Paragonimus ivestcrmani 235 
Paramcrcs 397 
Para modi an 288 
Paramedian, inner 288 
Paramedian, outer 288 
Paramed ian. supramarginal 
Paramitosis 15 1 
Paramoecium 1 1 1 
Paramoecium aurelia 1 1 5 
Paramoecium caudatum I 1 I 
Paramoecium woodruff i 138 
Para my him 85 
Paranaspides 46 1 
Paranebalia 362 
Paranema 129 
Parancoptcra 472 
Para ora l cone 1 16 
Parapoclia 266, 267, 545 
Paraprocts 380 
Paratypc 72 
Paras abnia 608 
P arose i son 637 
Para si ta 552 
Parazoa 75 

Parenchymatous tissue 225 

Par ides 471 

Parides philoxenus 430 

Parthenogenesis 1 5 1 

Pas tour ella pesiis 434 

f*atella 44 1 , 546, 551 

Patiria 608 

Pauropoda 468 

Pauropus 468 

Paxillosa 606 

Pearl 573 

Pecten 543 

Pectinaster 608 

Pectinalella 657 

Pec tine 477, 492 

Pedal disc 191 

Pedal commissure 512 

Ped*»I ganglion 512, 513 

Pedal nerve cord 506 
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Pedal sinus 506 
Pedalion 636 
Pedkellina 633 
Pediccltariae 577, 589 
Crossed types 577, 589 
Ophioccphalous types 577, 585 
Straight types 577, 589 
Tridactyle type 577, 589 
Trifoliate type 577, 589 
Pediculus 427 

Pedi.GttI.us humanus 427, 500 
Pediculus humanus capitis 428 
Pediculus humanus corporis 428 
Pedipalpi 435 
Peg organ 375, 376 
Pelagodiscus 653 
Pelagothuria 604 
Pelecypoda 549, 551 
Pellicle 85 

Pelmatohydra oligaclis 1 72 
Pclmatozoa 606 
Pdomyxa 130 
Peltogasler 355, 466 
Peludina 551 
Pempheres afjinis 500 
Penardia 125, 126 
Penetrant nemnlocysls 208 
Penetrcmites 606 
Penetrene 485 
Penetration glands 231 
Peniagone 609 
Penial sac 253 
Penial setae 253, 256 
Penis 376 
Pennatula 202 
Pennatularia 202 
Penniciilus 112 
Pentacta 609 

Pcntactula larva 623, 624 
Pentastomida 459 
Pelagothuria 604 
Pentacrinoid larva 601, 626 
Pentacrinus 626 
Peptic nephriclia 285 
Peracarida 467 
Perforate corrls 21 1 
Pericardial gland 569 
Pericardial organ 569 
Pericardial sinus 335, 436 
Pericardium 335 
Perichondrium 49 
Pcricolpa 201 
Perihaemal spaces 617 
Periintcstinal sinus 617 
Perimysium 51 

Perinephrostomial ampullae 294 
PerioesophaJIal plexus 599 
Periopods <29 


Periosteum 49 
Pcriostracum 504, 508 
Peripatoides 454 
Pcripatopsis 454 
Peripatopis lorquatus 454 
Peripatus 453, 434 
Peripitopsis trinitalis 454 
Periplaneta 377 
Periplaneta americana 377 
Periplanetin 382 
Pcripneustic: 485 
Periproct 588 
Perisarc 184 

Perispiracular gland 421 

Peristome 118, 191, 577, 588 

Pcristomial gills or branchiae 590 

Pcristomium 276, 277 

Peritoneum 312, 313 

Peritrcme 398 

Peritrichida 128 

Pei itrophic, membrane 93 

Perivisceral coelom 595, 616 

Perivisceral sinus 516 

Per la 470 

Pest 499 

Petal if era 552 

Peyer’s patch 58 

Phaenoschisma 610 

Phagocyte 278 

Phagocytosis 25 

Phnlangium 463 

Pha nerozoi i i a 606 

Pharyngeal bulb 279 

Pharyngeal ncphridiuin 285 

Pharyngobddh 324 

Pharynx 436 

Pfiascolosoma 308 

Pheietima 276 

Pherefima posthwna 276, 277 
Pheromone 433 
Phlebotomies 94 
Phlebotomies argentipes 94 
Phlebotomus sergenti 94 
Philichthys 353 
Ph i l inoglossa 549 
Phil i noglossacea 549 
Philodina 636 
Philomedes 465 
Pholas 559 
Phoronida 82. 645 
Phoronis 645 
Phoronis ovalis 645 
Phoronopsis 645 
Phormosoma 606 
Phos 551 

Phosphorylation 26 
Photinus 47 1 
Photoreceptors 86 
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Phylactolacmata 657 
Phyllaeanthus 008 
Phyllium 424, 470 
Phyllobothrium 76 
Phyllocarida 446 
Phyllodoce 313 
Phyl lop horns 609 
Phyllosoma 497 
Phyllozooid 206 
Phymosomatoida 612 
Physalia 198 
Physarum 127 
Physophonida 201 
Phytomastigophore a 1 25 
Phytotrophic nutrition 1 45 
Phunki 428 
Pisris 47 1 
Pieris brass kae 430 
Pigment cup 300 
Pigment sheath 339 
Pila 514, 516, 525 
Pila globosa 514 
Pilema 199 
Pilsmatechimis 609 
Pilidium Larva 222 
Pinacocytcs 161 
Pincers 330 
Pinnules 597, 643 
Pinocytosis 98 
Pin -worm 258 
Piroplasmea 127 
Piroplasmida 1 2 7 
Pisicola 3 1 1 
Pis i cola gconielra 3 1 1 
Placentonema gigantissima 26 
Placobdella 78 
Placocystis 606 
Placothuria 6 1 2 
Plagiophyla 73 
Plagiostomum 245, 246 
Plakina 159 
Planaria 223 
Planocera 275 
Planorbis 562 
Planula 185, 186 
Plasma 49 
Plasma gel 97 
Plasmalemma 24 
Plasma membrane 85 
Plasma sol 96, 98 
Plasma tocytes 387 
Plasmodiophora 127 
Plasmodiophorida 127 
Plasmodium 106 
Plasmodium cynomolgi 1 06 
Plasmodium falciparum 108 
Plasmodium lophuras 408 
Plasmodium malarias 108 


Plasmodium ovale 108 

Plasmodium vivax 106 

Planipennia 47 1 

Plastids 27 

Plotanaster 606 

Platyasterida 606 

PJatycopa 465 

Platycrinus 612 

Platyctsna 2 1 9 

PJatyctcnea 219 

Platydsra gossypiella 500 

PJatydesmida 468, 469 

Platydesmus 469 

Platy helm inches 223 

PJecoptera 470 

Plectonephric. mplnidia 322 

Plectophorus tv pc 636 

PI copods 330 

Plesischinus 606 

Plesiodiadema 606 

Pleural nerve cords 564 

Pleurobrachia 2 1 9 

Plcurobranchs 334 

Plcurobratichu s 552 

Piet iron 330 

Pleuron folds 342 

Pleuropcdal ganglia 521 

Pleurovi.sr.eral connectives >21 

Pleura iomau a 551 

Pie x echinus 609 

Plicate gills 560 

Ploima 636 

Plume talla 657 

Pluscula 552 

Pluteus larva 625 

Pneumatocodon 206 

Pneumatophore 206 

Pneumatosaccus 206 

Pneumodsrmops is 5 50 . 5 5 2 

Priruniostome 546 

Podia 575 

Podial canals 583 

Podobranchs 334 

Podocopa 465 

Pod nr a 469 

Poecillocerus 394 

Poeciloscleri n a J 60 

Pogonophora 83, M2 

Polar bodies 193 

Poliati vesicles 582 

Pollen brushes 405 

Pollen combs 405 

Pollen packers 405 

Polyarthra 636 

Polybrachia 644 

Polychacta 309 

Polycolpa 199 

Polycops 465 
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Polydesmida 4fjp, 469 
Polydesmus 469 
Polyembryony 494 
Polygordius 303 
Polygyrantia 555 
Polymorphism 203 
Polymorphus 638 
Polynae 29 
Polyneoptcrae 470 
Polypeptide 1 1 
Polype 171 

Polyplacophora 549, 550 
Polypneustic 485 
Poly stoma 239, 240 
Polystomella 103 
Pontaster 610 
Ponlobdclla 310 
Paly xe tuts 468 
Polyzoniida 469 
Poiy ionium 469 
Porcellanaster 602, 603, 606 
Pore canal 581 
Porifcra 75, 154 
Porocytcs 154, !5 r * 162 
Poromya 549, 551 
P or pi ui 198 

Portuguese man-of-wars 198 

Pori union 355 

Por turns 342 

Porulosida 127 

Postcomniissu i a I orga 1 1 34.5 

Postoesophageal commissure 345 

Posteriori 127 

Postmoult 346 

Pntermdendran 129 

Paler ion 74 

Pour tales ia 610 

Pram 75 

Prawn 327 

Preallar scleriie 380 

Precoxa 328. 329 

Precuticle 346 

Prc-erythroeytic cycle 107 

Prementum 370 

Pre moult 346 

Preoral cavity 455 

Prescutum 380 

Prestomach 647 

Pretarsus 44 1 

Pre-testicular mephridia 296 
Priapulus caudalus 309 
Prioncidaris 610 
Priority 72 
Prismatic tissue 46 
Pristmatic eyes 361 
PrisUnatic layer 508 
Proboscis 41 ft 478, 638 
Procaryotic cell '£8 


Procotyla 245 
Procuticle 442 
Proccdysis 346 
Proglottids 237 
Prognathous type 385 
Prologs 479 
Prometaphasc 38 
Proneomcnia 549, 550 
Pronotum 396 
Prontocypris 348 
Prophasc 35, 39, 41 
Propneustic 485 
Propodium 549, 551 
Propod us 329 
Proprioceptive organ 492 
Proscolcx 239 
Prosob ranch ia 549, 551 
Prosoma 434, 441, 462 
Prosopyjc 155, 163 
Prostomium 277 
Prostate gland 228, 287 
Prolaiidrous 493 
Protankyra 609 
Protaspis 361 
Proteins 10 

Protein conjugated 10 
Protein derived 10 
Protein simple 10 
Proteolepas 355. 466 
Proteomyxidn 127 
Proteomyxidia 127 
Proteroblasfus (>06 
Proicrospongia 12.5, 167 
Prothoraeic glands 346 
Prothorax 380 
Protobranchiata 551 
Protocerebrum 375, 376, 457 
Pro to cm: 1 652 
Pmtococcida 127 
Protodrifus 309 
Pro to hydra 1 72 
Protomesosome 642 
Protoncphr idia 321 
Protonepliridial tubules 321 
Protonephroinyxinin 323 
Protostoml.i 70 
Protoneurous condition 562 
Protopalina 1 30 
Protoplasm 7, 24, 33 
Protoplasmic bridge 1 14 
Protopodium 557 
Protopoditc 329 
Prototroch 274 
Protozoa 84, 134 
Protozoea 497 
Protura 469 

Proventriculus 366, 419, 436 
P sal is securis 499 
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Pseiaphognatha 468 
Pscudocoelom 256 
Pfeeudocolumella 210 
Pseudocuma 467 
Pseudoepipodia 516 
Pseudoheart 281 

Pseudolamellibranchuita 549* 551 

Pseudomonas hirudinis 315 

Pseudonavicella 110 

Pseudopenis 382 

Pseudopodium 96, 97 

Pseudoscorpionida 463 

Pseudosquilla 467 

Pseudostichopus 609 

Pseudotheca 2 1 (T 

Pseudotrachea 486 

Psocoptera 472 

Psocus 472 

Psolus 609 

Psolus phantapus 625 

Ptcropoda 552 

Pterosaggita 639 

Ptcrygota 470 

Pterygostomial region 342 

Pule x 471, 500 

Pulex irritnns 500 

l*ulmonary sac 443, 51 6 

Pulmonata 549, 552 

Pulse Hum 550 

Pul villus 416 

Pupa 417, 624 

Pupil 273 

Pure line 150 

Pustulosa 606 

Pycnogonida 459, 464 

Pycnogonum 460 

Pyconopodia helianthoides 576 

Pygaster 606 

Pygidium 266, 360 

Pyloric caeca 581 

Pyloric chamber 332 

Pyloric stomach 581 

Pyramidellacea 552 

Pyramidella 552 

Pyrenoids 142 

Pyrilla perpusilla 499 

Pyrsonympha 127 

Pythia 552 

Q 

Queen bee 404 

R 

Radial canal 583 

Radial haemal sinuses 584, 593 

ltadial nerve 585 

Radial ossicles 598 

Radiata 202 


Radii 576 
Radiolaria 127 
Radula 504, 509 
Ranjeeni Lac 428 
Raphidia 47 1 
Raphidisptera 47 l 
Rottus 81 

Receptaculla semiua lis 368 
Receptor organs 288 
Rectal gills 483 
Rectal glands 381 
Rectum 436 
Redia 231. 232 
Regeneration 151, 180 
Rrgularia 606 
Renal corpuscle 57 
Renal sac 337 
Renette cells 261 
Renilla 204 

Reno-pericardial aperture 52 1 
Reno-pericardial septum 521 
Reproduction 5 
Reproductive system 63 
Repugnatorial gland 372 
Respiration 4 
Respiratory siphon 516 
Respiratory system 63 
Respiratory trees 592, 593 
Reteocrinus 606 
Reticular tissue 48 
Retina 437 
Retinal part 339 
Retinal sheath 339, 340 
Rctinular cells 339, 340 
Retinulae 438 
Retortamonadida 125 
Retort amonas 125 
Rhabdite 224 
Rhabdome 339, 340, 438 
Rhabdomolgus 606 
Rhapalia 188 
Rhinodrilus fqfneri 311 
Rhinophores 545 
Rhinocephala 460, 466 
Rhizocloris 126 
Rhizomastigida 125 
Rhizoperlha dominie a 500 
Rhizoplast 89 ? 

Rhizopoda 85 
Rhizopodea 1 26 
Rhizopodium 141 
Rhizorus 552 
Rhizota 636 
Rhizostomeae 201 
Rhodinus 500 
Rhodopacca 552 
Rhodope veranyi 552 
Rhombifera 606 
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Rhombopora 656 
Rhopaloneme 208 
Rhyaeophilia 47 1 
Rhynchonella 653 
Rhyncobdellida 3l4 
Ribonucleic acid (RNA;, 13, 30 
messenger RNA 13, 30 
ribosomai RNA 1 3, 30 
transfer RNA 13, 30 
Ribosomes 26 
Ricinulei 460, 463 
Ring canal 582 
Ring coelom 655 
Ripersia uryzae 490 
Rods 273 
Rosalina 130 
Rosette 598 
Rostellum 236 
Rostral arteries 335, 336 
Rostrum 327, 328 
Roteocrimis 612 
Rotifer 636 
Rotifera 634 
Kolulac 589 
Round worm 252 
Royal jelly 407 

S 

Sahella 304. 305 

Saccinobaculm <lunni\o.sl \ ’as 126 

Sacco r hi zo, 73 

Sat cult mi 356, 466 

Stuculina externa 358 

Sacculina interna 356 

Scuoglussa 552 

Sagitta 639 

Salenia 610 

SaUnocidaris 606 

Salivary glands 291, 292, 456 

Saltmuina 323 

Sa brute is 610 

Salrnia 47 1 

Salticus 449 

Sand canal 618 

Sapha 552 

Saphrophytic nutrition 145 
Saprozoic nutrition 87, 145 
Sarcocystis 73 
Sarcode 33 
Sarcodina 127 
Sarcolemma 52 
Sarcornastigophora 125 
Sarcomere 52 
Sarcoplasm 52 
SarcopUs 464 
Sarcostyle 204^205 
ScaphognwUite 329 
[vor.. j , 76] 


Scaphopoda 502, 549, 550 
Schistocerca 470 
Schistocerca gregana 442 
Schistosoma 233 

Schistosoma haematobium 233, 234 

Schistosoma japonicum 234 

Sch i zoch i ton 505 

Schizochroal eyes 361 

Schizogamy 1 50 

Schizogony 149 

Schizont 107 

Scl i izotr y p anosom i as i s 9 2 

Sc hoe nob ms inter kilns 499 

Sch wan cell 52 

Scleritc 330, 363, 4 1 7 

Selerohlasl 155 

Sclcroscpta 210 

ScoJcx 236 

Srolopales 492 

Stolopendra 363, 365 

Scolopendra ama zon u a 363 

Scolopendra hardwickei 363 

Scolopendra rnazbii 363 

Scolopendra morsitanx 363 

Stolopendra subspinipes 363 

Scolopendra oalida 363 

Scolopendiclla 461, 468 

Scolopcndromorpha 461. 168 

S opula 1 19 

Scorpio 440 , 463 

Scorpion 440 

Scorpioi uda 460. 162 

Scatoana\.ui 61 1 

Si rap beetle 432 

Scuta 349 

Scutellum 380 

Scutigera 461. 460 

S< utigcrclla 461. 168 

Scutigcromorpha 461, 468 

Scutum 380 

Si ulus 554 

Sryllarus 350, 461, 468 
Seyphistoma 189 190 
Seyphozoa 199. 20! 

Sedentaria 309 
Segmental papillae 200 
Seisonida 637 
s' tdenidium 127 
Seminal bursa 250 
Seminal vesicle 286, 287 
Seminiferous pads 417 
Seminiferous tubules >7 
Semoestomeae 20 1 
Sense organ 437 
Scnsila optica 367 
Sensory c ells 437 
Sensory hairs 367 
Sensory papillae 25:» 
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Sensory setae 453 

Sepia 537 

Septa 191, 192 

Septal filament 204 

Septal funnel 186 

Septal nephridia 284 

Septibranchiata 549, 551 

Siricia 414 

Sericulture 414 

Serpulla 304 

Sertoli cells 57 

Sesania inferns 499 

Setae 277, 278 

Setal sac 277, 278 

Setigerous sac 277, 278 

Shaft 277 

Shell 503, 508 

Shell glands 488 

Shell plates 503 

Sialis 471 

Siboglinum 614 

Sieve trachea 452 

Sigsbeia 610 

Sigaretus 559 

Signet ring 107 

Silicoflagellida 125 

Silk 413, 414 

Silk glands 412, 413 

Silver fish 422, 423 

Sinistral 515 

Sinuses 436 

Sinus gland 346 

Siphon 204, 590 

Siphonaptera 47 1 

Siphonaria 552 

Siphonoglyph 1 91, 192 

Siphonomecus multicinctus 308 

Siphonophora 199, 201 

Siphonozooid 204 

Sipunculida 308 

Sipunculus 308 

Sipunculus multicinctus 308 

Skeletal system 61 

Slime glands 289 

Slime mold 135 


Slipha 478 

Slit sense organs 453, 492 
Solaster 602, 603 
Solen 543* 544 
Solen legumen 562 
Solenocytes 313 
Sol-gel conversion 19 
Solifugae 460, 463 
Sollasina 606 
Solution 18 
Somatic cells 31 
Somatoblasts 274 


Somatogastcic system 273 
/ 


Soma topi cure 78 
Somersault movement 1 78, 1 79 
Spadclla 639 
Spatangoida 606 
Spatula te process 435 
Species 70, 71 
Sperm web 453 
Spennatheca 287 
Spermatid 57 
Spermatocyte 57 
Spermatogonia 57 
Spermatophores 302, 458 
Spermatozoa 57 
Spermiducal funnel 287 
Spcrmiducl 287 
Sphacridia 589 591 
Sphaeronite s 610 
Sphaerolhuria 6 1 2 
Spheciospongia vesparum 161 
Sphenaptera gossypii 500 
Split raster 166 
Sphyranura 76 
Spicules 165. 160 
desina 166 
. meg as cleres 1 60 
microscleres 1 60 
monaxon 166 
poly axon 166 
sphere 166 
tetraxon 166 
Spines 435 
Spinnerets 45 I 
Spinules 229 
Spinulosa 606 
Spiracles 450, 485 
Spiratclla 546 
Spirochona 133 
Spirocyst. 208 
Spirabrachia 644 
Spirobolida 469 
Spirobolus 469 
Spirorbis 304 

Spirostomwn ambiguwn l 35 
Spirotrichia 128 
Spirula 555 
Splanchnocoel 616 
Splanchnopleurc 78 
Spodoptera mauritia 499 
Spongilla 159 
Spongin 165 
Spongioblast 162 
Spongocoel 155 
Spongy organ 599 
Sporoblast 1 10 
Sporucyst 231, 234 
Sporogony 150 
Sporont 1 10 
Sporozoa 127, 131 
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Sporulation 149* 

Spring? 2 17 
Springtail 422 
Squama 329 
Sguilla 351, 467 
Stannoma 127 
Stationary nuclei 115 
Siatocyst 329, 339, 512 
Statolith 217, 339 
Stauromedusae 20 1 
Stegomyia 418 
Stelcchopus 310 
Stellate ganglion 338, 540 
Stem body 38 
Stenockotherfs 354 
Stenoglossa 551 
Stenostclc 208 
Stenostonum 70 
Stentor 133 
Stercoral pocket 451 
Sternal artery 336 
Sternal plates 328 
Sternites 342 
Sternum 330 
Sterrastcrs 166 
Stichaster 622 
Stichofms 610 
Stick insect 424 
Stigma 86 
Stigmata 419, 452 
Sting 479 
Sting gland 370 
Stipes 370 
Stirodonta 606 
Stolella 657 
Stomach 33 1 

Stornatogastric system 273 
S tomato fjor a 656 
Stoma topoda 461, 467 
Stomodacal canal 218 
Stomotlacum 218 
Stone canal 581, 582 
Strephanoceros 636 
Strepsiptera 472 
Strep tone ura 549, 551, 564 
Strcptoneurous condition 564 
Streptoneury 564 
Stridulatory organ 397 
Stylocidaris 608 
StyracasUr 607 
Sirephaeoceros 636 
Stripes 380 
Strobila 237 
Stromatocystites 606 
Strongylaster 166 
Strongy loidear 2 5 9 
Stylaster 75 
Stylet 260 


Styloid 205, 206 
Stylommatophora 552 
Sty lops 472 

vSubabdominal artery 436 
Subgenital pit 188 
Subgenital plates 397 
Submen turn 370 

Suboesophagcal ganglia, 345, 367, 389. 406 

Subpharyngcal ganglion 437 

Subradular organs 504, 516 

Subradular pouch 504 

Subtcgmental plexus 599 

Subumbrella 184, 185 

Sucking disc 89 

Sucking lice, 427 

Suctorida 128 

Sugar gland 504 

Superior caeca 344, 345 

Superposition image 340 

Snpraanal pHtcs 397 

Suprabrauchial chamber 510, 51 1 

Supraintcstinal artery 336 

Supraintestinal ganglia 521, 522 

Supraintcstinal nerve 521, 522 

Supramarginal ossicles 578 

Supramarginal spots 288 

Supraneural artery 445 

Suprantcnnifer 379 

Supraoesophageal ganglia 337, 338 

Supra pharyngeal ganglion 437 

Suprarectal commissure 506 

Supraspinal blood vessels 372 

Suspension 18 

Swimming bell 204, 205 

Swimming plates 217 

Sycon 154 

Sylepia derogaia 500 
Syllis 310 
Syllis hyalina 323 
Syllis ramosa 323 
Sympathetic nerve 540 
Symphyla 46g 
Syria go ga 466 
Sxnallactes 609 
Synapta 606 
Synapta muculata 606 
Synaptida 606 
Synaptula 609 
Syncarida 466, 467 
Syngamy 150 
Synkaryon 116 


T 


Teuhardia 427 
Tachardia lacca 427, 428 
Tachypleus 434 
Tactile setae 329 
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Taenia pisciformis 242 
Taenia sag inala 246, 2+7 
Taenia solium 236 
Taeniactis 606 
Taenidea 485 
- Tagma 473 
Tagniatization 473 
Tanaidacea +67 
Tana is 467 
T angorece p t or 2 50 
Tarsus 441 
Tegmentum 504 
Teinopalpus imperial is 430 
Teinopalpus +7 l 
T arantula 463 
Tardigrada 459 
Taxonomy 67 
Telophase 38, 40, 42 
Telosporea 127, 132 
Telotroch 274 
Telson 370, 477 
Temnoccphala 245 
Template 30 
Tenebrio 478 
Tentacular canal 218 
Tentacuiata 220, 6.53 
Tentaculocyst 188, 189 
Tentaculozooid 204, 205 
Tcntaculum 479 
Tcntilla 204 
Terebella 304 
Terebratulina 653 
Teredo 544 
Terga 346 
Tergites 341 
Tcrgum 330 
Terminal plates 578 
Terminal tentacles 578, 
Terminalisation 40 
Termis 470 
Termite 424 
Testes 286, 590 
Testicardines 653 
Testis 438 
Testis sac 286 
Tetrabranchiata 553 
Tetractinellida 157 
Tetrahymena 140 
Tetranyckus 464 
Thais 551 
Thalassema 310 
Thalassin 209 
Theca 210 
Theca folliculi 58 
Thecanephria 644 
ThecideUina 653 
Theraphosa lebbndi 449 
Thigmoti^chida 128 


Tkoracaster 610 
Thoractca 466 
Thoracic appendages 388 
Thoracic ganglionic mass 338 
Thoracic ganglionic mass 338 
Thrombocytes 49 
Thyone 604, 605 
Thyonicola 552 
Thyroid 58 
Thyropygus 368, 469 
Thy ropy gus poseidon 369 
Thysanopoda 468 
Thysnnoptcra 472 
Thysanura 469, 470 
Tibia 441 

Ticdcmann’s bodies 582, 591, 617 620 

Tintinnida 128 

Tintfimidium 12H 

"Tissue 3, 46 

Tomop fetus 305 

Tomosvarv’s organ 367, 376 
Tongue 57 
T o nice! I a 550 
To maria larva 626 
Torsion 568 
Totipotent cells 1 70 
Toxoplasma 127 
Tox< »pl asmt'.a 1 2 7 
1 'oxoplasmida 1 2 7 
Toxopneustes 612 
Toxoptera gr ami mini 499 
Trabeculae 58, 598 
'Trachea 452, 485 
Tracheal gills 4+13 
T rarhel iastes 3 54 
Tracheoles 485 
Trachylina 200 

>84, 585 Trachy medusae 201 

Trachypleus 462 

Transverse binary lission 1 14 
Transverse commissure 338. 339 
Transverse loop 338 
Trcmatoda 245, 2+6 
Trcpostomata 656 
Triactinomyxon 1 28 
Triatoma 500 

Triaulic forms 5 7 1 * 

Triaxonida 166, 167 
Triarthrus 359 I- 

Triarthrus becki 359 
Tribolium castdueum 500 ; 

Trichiastet elegans 618 
Trichinella 257, 258 
Trichinella spiralis 258 
Trichinosis 258 
Trichobothria 453, 492 
Trichocysts 112, 114 
Trichomanadida 125, 129 
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Trichomonas 125, 1 29 
Trichomonas augusltt 1 24 
T richomonas hominis 89 
Trichomonas vaginalis 90 
Trichonympha 9 
Trichoptera 47 1 
Trichostomatida 128 
Trichostongylus 259 
Trichuroidca 259 
T rickuris 259 
Trilobita 459, 462 
Trilobitc stage 361, 438 
Trilobitomorpha 460 
Trinephros 309 
Trinomial nomenclature 71 
T rinucleus 359, 462 
Trinucleus bucklandi 359 
Triops 348, 465 
Trithyreus 463 
Triploblastic 77 
Triploblastica 223 
Tritocerebrum 374, 375. 457 
Triton 565 
Trilrichomonas 129 
Trochal disc 634 
Trochanter 441 
T rochocystites 606 
Trochophore 274, 311, 507 
Trochophore larva 274, 275 
Trochosphacra 637 
Trochus 551 
Trog lulus 463 
T romihosoma 6 1 2 
Troplii 379 
Trophic forms 97 
T ropholampas 6 1 1 
Trophozoite 109 
Trophozooids 204 
Truncus arteriosus ‘145 
Trunk 655 
Trypanosoma 90, 91 
Trypanosoma brucei 92 
Trypanosoma cruzi 92 
Tripanosoma gambiense 92 
Trypanosoma rangeli 94 
Trypanosoma rhndesiense 92 
Trypanosomiasis 92 
•' Trypanosyllis 323 
Tryxalis 470 
Tube-feet 583 
Tube trachea 452 
Tubifix 306 
Tubipora 202 
Tubularia 202 
Tubulipora 656 
Tunica adventitia 56, 58 
Tunica albugjpia 56, 57 
Tunica intima 56, 58 


Tunica media 56. 58 
Turbellaria 245 
Tylodina 552 
Typhloperipalus 454 
Typhlosole 279, 509 


V 


Umbo 508 

Vmbraculum 552 

Unci 635 

Undulipods 142 

Urn la 552 

Unio 507, 509 

Unio marginal is 507 

Umramous appendage 346 

Urechinus 606 

Urnalella 633 

Uropods 330, 331 

Uropygi 460, 463 

Urticina 191 

Uterus 236, 238. 534 


V 


Vacuole 27 

Vagina 301, 302 

Vagus nerve 446 

Volvata 551, 606 

Valvifers 479 

Valvular 479 

Van dor Hoeven 559 

Vas deferens 231, 287, 301 

Vasa deferentia 231 , 287, 301 

Vasa eflerentia 301 

Veins 57 

Velamcn 220 

Velarium 186 

Velella 199 

Veligcr larva 275, 572 
Velum 184, 185, 572 
Vemsa 47 1 

Ventillation trachea 485 

Ventral abdominal artery 336 

Ventral ganglionic mass 345 

Ventral nerve cord 290, 298, 299, 437 

' ' Mitral sinus 336 

Ventral tentacles 529 

Ventral thoracic artery 336 

Ventricle 505, 531 

Verms 554 

Vermiculc 108 

Vertebral plates 594 

Vertex 386 

Vespa 471 

Vestibular organs 639 
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Vestitydar pits 639 
Vestibule 118, 529, 633, 639 
Vcsicula seminal is 641 
Vibratile corpuscles 617 
Victorella 656 
Villi 58 

Visceral ganglion 512, 513, 521 

Vitallarium 400 

Vitamins 13 

Vitellarium 636 

Vitelline duct 231 

Vitelline gland 228, 231, 250 

Vitelline membrane 58 

Vitrcllae 339 

Viviparous 69 

Viviparus 551 

Volchoma 6 1 0 

Volvent 208 

Volvocida 125 

Volvox 125 

Vorticella 117, 118, 128 
Vulvae 377 


Walcott idiscus 6 1 1 

Waldheimia 650 

Wiisp 432 

Water pores 598 

Water vacuole 97 

Water vascular system 6! 7 

Wax glands 405 

Wax spine 405 

Wnchereria 256, 257 

Wuchcreria bancrofti 256, 257 

K 

Xcnocrinus 606 
Xenophyophorida 127 
Xenopsylla cheopis 434 


Xiphostira 462 
Xiphosurkla 460 
X -organ 346 

Y 

Y -gland 346 
Yolk cells 229 
Yolk duct 238 
Yolk gland 238 
Yolk larva 625 

Z 

Z-membraue 51, 52, 382 
Zebrina 552 
Zelleriella 130. 152 
Zoantharia 200 
Zoanthidca 201 
Zoanthus 200 
Zoca 495, 497 
Zoecium 655 
Zona fasciculata 57 
Zona glomerulosa 57 
Zona reticularis 57 
Zonitoid type 532 
Zoochlorelfa 172, 1 70 
Zooecium 655 
Zooids 65 i 

Zoornastigophorra 125, 129 

Zoophyla 202 

Zoothanm i tun 7 5 

Znoxanthellae 208 

Zoraptera 470 

Zoratypus 470 

Zoroaster 602 

Zygocrinus 61 1 

Zygocyst 1 10 

Zygonema 39 

Zygoncu'ry 565 

Zygote 185 

Zygote nucleus 108 

Zygotene 39, 40 



